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Precise 
Intelligence 
A PRIMARY CONSIDERATION IN 
ALL OPERATIONS INVOLVING 


THERMOMETERS AND MEAS. 
UREMENTS OF TEMPERATURE 
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But, high accuracy alone is not enough. Simplicity 
of design in non-critical materials and the rugged. 





ness to stand the terrific shocks of battle conditions 


on shipboard—the rough usage encountered in a 
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hundred war industries—these, also are important, 


TAG has met all of these demands in many 
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ingenious ways. Lightweight plastic replaces heavy 





brass for case fronts—malleable iron and zinc alloys 






instead of brass and aluminum for cases—durable, 


a) 


attractive finishes which employ neither nickel nor 





chromium alloys. 
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Tens of thousands of TAG Thermometers are 





contributing precise temperature intelligence in all 


war theaters and across the vital production front. 
Every type of vessel sailing the seven seas... 
Submarines, Destroyer Escorts, Aircraft Carriers, 
Cruisers and Battleships find TAG equipment on 


RO 
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Diesels, turbines, in boiler rooms, on refrigerating 


systems, propulsion machinery and in many other 


applications. And in the manufacture of high-octane 
gasoline, synthetic rubber, explosives, varnish and 
in the processing of vital foodstuffs TAG Thermom- 
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) eters are much in evidence. 
TAG is doing a big job well in this war just as it 
did in the last and America's previous wars for over 


a hundred years. 
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C. J. TAGLIABUE MEG. Co. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 
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PRECISION TOOLS play 
fers are a vital role in safeguarding 
ce in all the lives of our pilots. Their 
instruments MUST perform 
in front. under all conditions — they 
as. 20 MUST NOT fail. The suc- 
a. r cess of their mission — the -— 
abies. safe return of the ship and 4 
nent on crew — these things depend 4 
Fe upon the accuracy of the 
pres instruments and the tools 


y other that repair them. 
-octane 
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The men at Marshall’s are doing their part by speeding 
up production on the finest precision lathe known. Preci- 
sion built throughout, yet rugged enough to stand hard 
usage. Our entire manufacturing plant has been turned 
over to this important industry and every day sees us 
delivering more precision tools to the men on the home 
front and the boys on the war front. 
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SOLD TO DEFENSE 
We also carry a complete line of HAND TOOLS that INDUSTRIES ON PRIORITY 


includes fine quality Tweezers, Pliers, Hammers, Mallets, 


m™ —— — — and other items pertaining to shop equipment. RATINGS ONLY. 








C. & E. MARSHALL CO. Date 


"MAIL THIS COUPON > Shae 
[ | 


Please send information regarding PRECISION LATHE 
and attachments. 








Ask for our Catalog W. 


C&F. MARSHALL CO. [ann 


A GREATER VALUE == A GREATER SERVICE Company 





Address . 








THE LARGEST AND FOREMOST SUPPLY HOUSE IN THE WORLD 
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Standard frequencies of 100cps, 1 KC, 10 KC and 

100 KC are supplied through a crystal controlled 

oscillator and a series of frequency dividers of the 
regenerative modulator type. The output of each of these frequency dividers 
is made available separately through a low impedence output system. Thus 
the -4p- Model 100A becomes extremely valuable for production test work 
because the single instrument will provide standard frequencies at a number 
of test positions. The output impedence is low enough that long lengths of 
shielded cable can be used for distribution in the laboratory or test depart- 
ment. Separate terminals are provided as shown in the block diagram. 


Make accurate interpolation measurements and standardize such meas- 
urements to a high degree, calibrate audio equipment accurately and make 
many other useful tests and measurements with this Model 100A Frequency 
Standard. Get the complete details on this new -/p- instrument today. Also 
ask for the fully illustrated -4p- Catalog which gives you much valuable 
information about electronic instruments and how to use them. Write today 
for yours... there is no obligation whatsoever. 


HEWLETT-PACKARD COMPANY 


662 BOX 1135 H STATION A, PALO ALTO, CALIFORNIA 
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Four Standard Frequencies Available Simultaneously 
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MASSIVE STABILITY 


for microscopic precision 


A hair-breadth error in calibrating a Drift Meter may well put 
a long-range bomber many miles off course. Hence the use by 
Pioneer of a virtually vibrationless Calibration Stand, support- 
ed by pillars of old “settled” steel. In this massive stand, tech- 
nicians align the image of the gyro-stabilized reticle with the 
objective image. Sighting through a series of angular and vertical 
collimators, they calibrate at successive angles ranging from 15° 
aft to 85° forward. 

The elaborate care exercised in calibrating the Pioneer” Drift 
Meter typifies the production techniques which, with superior de- 
sign, underlie the precision performance of Pioneer Instruments. 


ECLIPSE-PIONEER DIVISION 







THE PIONEER 
DRIFT METER 


provides a scale reading of 









the angle between heading 






and track of plane. It is an 
important member of ‘The 
Invisible Crew” of precision 
equipment which 25 Bendix 
plants from coast to coast 
are speeding to our fighting 
crews on world battle fronts. 


N\/recision 


NA quipment by 


AVIATION Z CORPORATION 


*TRAOE MARK OF BENDIX AVIATION CORPORATION 
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MOELLER 


PRECISION 
GRADE 
INSTRUMENTS 


Ww 


MOELLER MERCURY THERMOMETERS 


Made with "Moeller Glass Red Reading 
Column," making them easy to read 
under varying light conditions, at a con- 
siderable distance and over a wide range. 














MOELLER DIAL THERMOM- 
ETERS. Made in various 
scale ranges up to 1000°F. 
or equivalent. Metal and 
Phenolite cases. 





MOELLER 
RECORDING 
THERMOMETERS 


Furnished in vari- 
ous ranges up to 
1000°F. or equiv- 


alent. Round or 








square cases. 





Also HYGROMETERS 
RECORDING PSYCHROMETERS 
BAROMETERS HYDROMETERS 
MARINE INSTRUMENTS, ETC. 


Write for catalog. 


MOELLER 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL WEW YORK 

















Sales Representatives in Principal Cities 
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Unaffected by VIBRATION 
or SURROUNDING 
TEMPERATURES. Will 
indicate TEMPERATURES 
at MANY SEPARATE 
ENGINE POINTS. 


The Lewis portable pyrometer potentiometer is 
standard equipment in many of our Army and 
Navy aircraft today. 

The galvanometer and main deflection instruments 
Gre of the double pivot type and damped so 
that vibration does not affect the indication of 
the instrument. The instrument will maintain it’s 
accuracy, regardless of surrounding temperatures 
between minus 60°F and plus 115°F. 





The instrument is used to measure cylinder head 
temperature, engine base temperature, oil tem- 
perature, carburetor air temperature, and free air 
temperature. It also has many other applications, 
which we cannot emphasize until the war is won. 


For technical data on this instrument and other 
Lewis aircraft instruments write, on your company 
letterhead, to 
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ONE OF A SERIES OF ADVERTISEMENTS SHOWING DeJUR PRECISION PRODUCTS IN ACTION ON THE HOME FROWN 

















Imagine what would happen if the electric power lines 
in your community broke down as you're reading this. 
Thanks, however, to the Public Utilities and their vigi- 
lant band of crack trouble-shooters, the possibilities are 


indeed slim. 





Aiding in tracking down trouble in power stations, 
factories, fields, homes and shops are instruments incor- 
porating dependable DeJur Components. Standing faith- 
fully, they have proved their worth in innumerable cases 
... have helped head off disaster, pointed unerringly to 
the causes of breakdowns, kept lines open and current 


moving. On the home front as well as the battle front, 


KEEP BUYING 
WAR BONDS AND STAMPS 


De Jun fusco (orroranion 


DeJur Products deliver satisfactory service. 


























SHELTON, CONNECTICUT P 


\ Awarded for Excellence in Pro- 
MANUFACTURERS OF DEJUR METERS, RHEOSTATS AND POTENTIOMETERS 


\\ duction and Quality of Material 


NEW YORK PLANT: 99 Hudson Street, New York City ® CANADIAN SALES OFFICE: 560 King Street West, Toront? 
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PECIALIZING in accurate, dependable mano- 
meters for all pressure and vacuum meas- 
urements, Trimount offers a complete line of 
instruments from simple U-tube service units to 
elaborate precision portable panel assemblies. 

Trimount is regularly supplying many of the 
nation’s leading manufacturers with specially 
designed units as well as standard instruments to 
meet their specific requirements. 

Write today for literature and recommenda- 
tions on Trimount Manometers to meet your needs. 









READ BOTH PLUS AND MINUS PRESSURES ON THE 
SAME INSTRUMENT! Absolute Pressure Gauges, orig- 
inated by Trimount, permit direct readings of both plus 
and minus pressures. 

And now, new foolproof construction permits direct 
shipment to you, ready for installation! Write for specifi- 








cations and prices. 








jnowHl scesem COMPANY 


408 SOUTH PLYMOUTH COURT _ CHICAGO 5, ILLINOIS 
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Type C-2B-1A (illustrated) — devei- 
oped especially for aircraft use. Well 
adaptable to blower applications, un- 
der most adverse conditions. Designed 
for continuous duty to operate im high 


; 


ambient temperatures (will operate ? 
satisfactorily in a 90° ambient). Ball- 
bearing-equipped. Built in an alumi- 
num die-cast housing. 1/100 H.P. 6, 
12, 24, or 115 volts DC; 115 volts AC. 


Performance Record 


} backs up your judgment when you select Oster motors 





This record is your assurance that you are dealing with a seasoned, 
dependable source — that you are not “taking a chance.” . . . Oster 
motors, used exclusively before the present war as original equip- 
ment on Oster motor-driven appliances, have helped to establish 
the world-wide reputation of these appliances — for fifteen years 
the recognized leaders in their field, widely used by the armed 
services and other departments of U. S. and foreign governments. 
. .. The same sound, conservative engineering — the same trained 
labor force and established precision standards — are behind the 
Oster motors now being built to power vital instruments and 
mechanisms in war planes and submarines . . . Illustrated is type 
C-2B-1A, 1/100 H. P. model in current production; other Oster 
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ae 
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d models up to % H.P. Let us help you fit this or other Oster motors 
i to your requirements. 
; John Oster Mfg. Co. of Illinois, Dept. N-11. Genoa. Ill. 
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Ox: oF the funda- 


mental measurements in every 
branch of electrical engineering is 
that of impedance, now more impor- 
tant than ever because of the rigid speci- 
fications to be met in the production of 
war material. 

In circuits with lumped constants the accepted means of 
impedance measurement is comparison by a null method, using 
an a-c adaptation of the Wheatstone bridge. Impedance bridges 
have been a General Radio specialty for nearly 25 years. A pro- 
gram of continuous research into methods, circuits, and circuit 
components has led to increasingly better designs and more useful 
instruments. For measuring both the reactive and resistive com- 
ponents of impedance at all the important frequencies between 
60 cycles and 60 megacycles, there is a General Radio bridge 
to do the job. 


TERA SE cm oo DH 


Because all our facilities are devoted to war projects, these Wy ) 
impedance bridges are at present available only for war work. ¢ } 


GENERAL RADIO COMPANY 


. 7 ’ ; ; Capacitance test bridge measuring 
Radio frequency bridge in broadcasting station. transformer bushings. 













Measuring insulation resistance 
on generator, 


Cambridge 39, Mass. 


NEW YORK - LOS ANGELES 


Capacitance bridge and oil cell. 
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Recently a new type cathode-ray tube was called 

for by our armed forces. Just an idea—something 
arising out of new conditions—not yet reduced to actual 
practice—and of course far from production. 
Opinion generally was that this new tube might require 
months fo develop, design, produce. Yet DuMont, with 
its exceptionally close coordination of experimental 
tube work and actual production, was actually ship- 





ping that very tube in quantities within 10 days. 


It is performance such as this that has made the name 
DuMONT the accepted abbreviation for “Cathode-Ray 
Tube Headquarters.” 


} Write for latest listing of cathode-ray tube types. 
Also bulletins on latest cathode-ray equipment. Sub- 
mit your problems. ’ 


ALLEN B. DU MONT 
LABORATORIES, Inc. 


Passaic + New Jersey 


Cable Address: Wespexlin, New York 
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WESTON 


DIRECT-READING 
ILLUMINATION METERS Bi 















Model 703 Sightmeter 
— equipped with the sta- 
ble all-glass WESTON 
perfected VISCOR filter. 





Wenever you see a lighting man taking a direct 
measurement from a flourescent or other special light 
‘source... conveniently and quickly, and without con- 
sulting correction tables ... you can be reasonably 
sure the instrument is a WESTON Illumination Meter. 
For, all the WESTON models illustrated now are 
equipped to provide direct measurement of the illumi- 
nation from any light source ... regardless of the color 





composition. Model 603 
eee WESTON 
The development of these versatile instruments ba 
‘as : ‘ Ilumination Meter 
stems from WEsTON’s time honored policy of pioneer- (VISCOR filtered) 


ing in the development of new measurement tools... 
then, continuing the research and development to con- 
stantly provide the utmost in convenience and de- 
pendability for the measurment need. 

Complete information on WESTON instruments for 
convenient light measurement, as well as for efficient, 
automatic control of lighting, will gladly be sent on 
request. Weston Electrical Instrument Corporation, 
578 Frelinghuysen Avenue, Newark 5, New Jersey. 


loboratery Standards .. . Precision DC and 
AC Portables . . . instrument Transfomers 
‘+. « Sensitive Relays... DC, AC, and 5 
| Therme Switchboard and Panel instruments. 





Model 614 
WESTON 
IIlumination Meter 
(VISCOR filtered) 








Specialized Test Equipment... Light © 
Measurement and Control Devices... — 
Exposure Meters...Aircraft |:.struments... 
Electric Tachometers...Dial Thermometers. © 
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Porhail of b STEAM SLEUTH 


What are the facts about steam that can save 
you dollars — conserve your manpower — increase 
operating efficiency? 

The surest FACT FINDER is a Simplex MS Flow 
Meter on your steam lines, because it puts the finger 
of suspicion on defective equipment, relative quality 
of fuel, efficiency of the operating staff — and gives 
recorded flow rate data — the basis for effective 
control. 

What are the reasons for the high accuracy of the 
MS Meter which makes it ideal for power plant use? 


(1) The bell shaped float moves in direct pro- 
portion to the rate of flow. 


(2) The direct reading, evenly spaced chart 


SIMPLEX VALVE & METER COMPANY 


PHILADELPHIA, 


UPLAND STREET, 


6876 


assures the same high accuracy and visibility of 
readings over the entire flow range. 

(3) 7 digit totalizer simplifies integrating of 
flow and adds weeks of continually increasing dail) 
computations before counter returns to zero. The 
seventh digit is a means of closely checking the flow. 

(4) Moisture-proof chart paper eliminates er- 
rors resulting from stretching and shrinking. 

(5) The MS meter integrates, records, totalizes 
— in any desired combination. Remote reading also 
is available. 

Put the facts about your steam 
flow to work for you. Write @ PLY 
today for information on the Ppt 
Simplex MS Flow Rate Meter. 


PENNA. 
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Security posted 








M ANY TIMES every day “surprise attacks” oc- 
cur along your power line. Some heavy user 
momentarily stops operation. A sudden over 
voltage slams like lightning into delicate ma- 
chines, precision tools or precious vacuum tubes. 
You can’t see these blitz attacks but vou can’t 
escape seeing the results—higher percentage of 
rejections, damage to sensitive instruments. pre- 
mature failure of expensive electronic tubes. 

Every unit, however small, is responsible for its 
own security. This cardinal rule of combat ap- 
plies in production too. That is why, everywhere 
in industry, you will find Sota Constant VOLtT- 
AGE TRANSFORMERS on duty at important “out- 
guard” posts. 

Sola “CVs” are especially designed to protect 
against surprise overload assaults. They will ab- 


sorb voltage sags and surges as great as 30% 


and still feed constant, rated voltage to your 


machines. Sturdy Sola sentinels ask no relief. 
Day and night, without care or supervision, they 
stick to their posts—instantaneous in action, 
without moving parts, self-protecting against 
short circuit. 

Many vital points in your production system 
are vulnerable to attack. Secure them with Sola 
“CVs”. Sota Constant VOLTAGE TRANSFORM- 
ERS are built in standard units from LOVA to 
ISKVA capacity, or in special units to your 
specifications. 





Note to Industrial Executives: The problems solved 
by Sola “CV™ transformers in other plants and products 
may have an exact counterpart in your own, Find out. Ask 


for bulletin GCV 


Constant Voltage Transformers 





‘ 








eee 


Transformers for: Constant Voltage * Cold Cathode Lighting * Mercury Lamps ¢ Series Lighting « Fluorescent Lighting » X-Ray Equipment + Luminous Tube Signs 
Oil Burner Ignition + Radio * Power * Controls * Signal Systems * Door Bells and Chimes « etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago, Ill. 
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IMMEDIATE DELIVERY... 





INSTRUMENT PRODUCTION LATHES 


With Turret Heads 





Two Sizes—3/16” and '/,” Bar Capacity 
9” Bed and 4” Swing 
Both Sizes Have Lever Collet Closers 





COLLETS 


For '/.” Bar Capacity Lathes Order Style 1A 
For 3/16” Bar Capacity Lathes Order Style W W No. 2 





COMPOUND SLIDE REST 





English or Metric Screw Feed 
Lever Attachment Available 












MILLING 


AND 


DRILLING 


Also Used for 
Wheel Cutting 
and Grinding 





MOTORS—!/,_H. P. and Smaller 


For Precision W ork on 


AIRCRAFT INSTRUMENTS 
RADIO INSTRUMENTS CAMERA INSTRUMENTS METER INSTRUMENTS 
ELECTRICAL INSTRUMENTS AND TIMING DEVICES 


R. P. GALLIEN 


AIRCRAFT INSTRUMENT PRECISION EQUIPMENT ... TOOLS AND SUPPLIES 
220 WEST FIFTH STREET, LOS ANGELES, CALIFORNIA 


INSTRUMENT REPAIR LATHES | 
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DETECT FREQUENCIES FROM 500 
TO 20,000 VIBRATIONS PER 
MINUTE WITH ONE, LIGHT, 
COMPACT INSTRUMENT 





ANALYZE VIBRATION BUGS WITH A 


wesrinonouse V/7 yg meter 


Like a doctor’s stethoscope, the new Westinghouse 
Vibrometer helps diagnose machine and motor ills 
by tracking down the source of troublesome vibra- 
tions. It will disclose just what frequencies between 
500 and 20,000 cycles per minute are present in a 
vibrating body. 

This unique instrument is built on the old vibrating 
reed principle, yet is no larger than an engineer’s slide 
rule, and weighs only 8 ounces. By rotating rollers 
which control its length, the reed is permitted to find 


its natural frequency. 


Westinghouse 


LANTS IN 25 cities... € Y orrices EVERYWHERE 





| FP PPL PPR Pt PY PP 





bid dil Md old dil De i bh | 
EXTREME SELECTIVITY 


Reed will register vibrations as 
small as .0001”% double ampli- 
tude; will indicate separately 
all frequencies present and 
harmonics within its range. 


When this happens, maximum reed vibration 
occurs and the frequency of the vibration can be read 
on the calibrated scale. 

The small size of the Vibrometer permits its use in 
otherwise inaccessible locations. Light weight makes 
possible vibration studies of small devices without 
affecting the vibration being studied. 

Call your Westinghouse representative for details. 
Ask for DD-85-910. Or write direct to: Westinghouse 
Electric & Manufacturing Company, East Pittsburgh, 


Pennsylvania, Dept. 7-N. 


J-08063 











DIRECT SCA) E READING 


A pointer on the reed’s fixed end 
gives a direct indication of the 
vibration in cycles per minute 
on logarithmic scale. In-between 
frequencies may be interpolated. 


LARGE REED AMPLITUDE 


Even though amplitude of the 
vibration present in a machine 
is small, it will cause a rela- 
tively large reed amplitude. 
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HOW DOES IT WORK? By resonance. As the cur- 
rent flows through the driving coil, the frequency 
with which the current alternates or is interrupted 
determines the number of magnetic pulls per sec- 
ond on the reeds. Each reed is preset during manu- 
facture to respond to but one frequency — by com- 
bining parts of the proper strength, dimensions and 
weight. The reed which is “in tune” RESONATES, 
which means that it vibrates to full amplitude — the 
others little or not at all. Simply READ the REED, 
and that’s your frequency. 


DON’T ALL THE REEDS VIBRATE? No, not now. 
Since the introduction of the original principle, J-B-T 
basic improvements have virtually eliminated sym- 
pathetic mechanical vibration. Reeds on either side 
of the reed which is vibrating to ful] amplitude also 
vibrate, but to a much more limited extent, and 
actually help to indicate the frequency more accu- 
rately, particularly if it is fractional. 


CAN THEY TAKE IT? Yes, sir. Thousands of J-B-T 
Vibrating Reed Frequency Meters now in use are 
standing up where the going is tough. Day in, day 
out they are measuring cycles per second, revolu- 
tions per minute, and frequencies for wartime uses. 





2 





i 


J-B-T Model 30-F 
Vibrating Reed 





3 Frequency Meter 
with 
—« wef Case Removed 
_—~ 1, Case 
[ | | 2. Base 
48 55 S52 58 oy 62 3. Dial 
ff oe ; 4, Mounting Frame 
es 5. Spring Stee] Reeds 
_— 6. Reed Mounting Bar 
7. Driving Coil 
8. Permanent Magnet 
9. Series Resistor 


10. Terminal Studs 


HOW DO YOU ADJUST THE METER WHEN IN USE? 
You needn't. Once calibrated at the factory, it is 
permanently accurate. It requires no adjustment to 
compensate for wave form, external magnetic 
fields, voltage variation (+ 20%), or normal operat- 
ing temperatures. 


YOU SAY PERMANENTLY ACCCURATE, BUT HOW 
ACCURATE? Within +0.3% for full cycle incre 
ments, +0.2% for half cycle increments in the 60 
cycle range, for instance. A 400 cycle meter is 
accurate to within +0.3%. 


WHAT ABOUT POWER CONSUMPTION? It is ex- 
ceptionally low, ranging from less than 2 watts at 
400 cycles at 115 volts — to ¥2 watt at 
60 cycles at 115 volts—depending on 
the model. 









IS THE CONSTRUCTION THE SAME 
FOR ALL MODELS? No. These 
instruments are available in full 
range of frequencies, voltages, reed 
groupings and case sizes. Models 
are designed to fit the application. 
]-B-T engineers will be glad to help 
you get the RIGHT meter for your 
requirements. 


yiRATING REED F 
vancutncy METERS 


Tey | 
, 


Send for 
illustrated 


Manufactured under Triplett Patents and/or Patents Pending. 


J-B-T INSTRUMENTS, INC. 


441-J CHAPEL STREET © NEW HAVEN 8, CONNECTICUT 
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any With ae ROTA*MATIC 


AUTOMATIC FLOW RATE CONTROL 


You just set the control pointer at the flow rate desired. It is as 
easy as that with the “Rota-matic” to obtain automatic flow rate 
col trol. 

The “Rota-matic” is a rotameter combined with a powerful, new 
pneumatic controller through an induction bridge circuit. Any tend- 
ency of the rotameter float to deviate from the flow control point 
automatically changes the air pressure upon a diaphragm motor valve 
placed in the flow line. In this manner, the flow rate is immediately 
corrected to the desired amount. 

This instrument has 100% throttling range and automatic reset 
for perfect attunement to varying process conditions. The flow con- 


FISCHER & PORTER C€O., 238 East COUNTY LINE ROAD, HATBORO, PA. 


trol point is adjustable over the entire range of the rotameter. It also 
provides remote recording of flow to supervise and check process 
results. 

In the “Rota-matic” there is available for the first time a flow 
control instrument combining the automatic response of a modern- 
ized pneumatic controller with all the exclusive advantages of the 
rotameter—high accuracy, instantaneous response, low pressure loss, 
straight line calibration and wide flow range. It is a new 
tool for up-to-the-minute instrumentation by those 
who refuse to be hidebound by the limitations of the 
fixed-orifice meter. Write for Bulletin 51-B. 





ROTAMETERS 
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Are You the Man 
Who’s Interested In 


RECTIFIERS? 





—Then We'd Like to Tell You Abou! 


“BL 


METALLIC 
RECTIFIERS 


Selenium 





NGINEERS wiio are now busy with Post-War Plan- 
ning are uncovering many new applications for 
metallic rectifiers—applications once thought impracti- 


cal. Are YOU one of these Planners-for-the-Future? 


If so, B-L Engineers are eager to help you develop the 
ideal modern application for simplicity, economy, and 
efficiency. In wartime use, B-L Metallic Rectifiers have 
proved their value over and over—and pointed the 


way to new peacetime developments. 


Let B-L engineers help solve your prob- 
lems of metollic rectifiers, D.C. power Givinn . 97 
9 ful 


supplies ond conversion assemblies. | i 





THE BENWOOD LINZE CO. wisscur 


Designers and manufacturers of Copper Sulphide 
and Selenium Rectifers, Battery Chargers and D.C 
Power Supplies for practically every requirement. 
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Some of the smartest users of relays in the country 
bring us problems on which other manufacturers 
“give up.” Our 23 years of experience in relay 
manufacture and—“confidence in Kurman”—has 
a lot to do with it. Very often it’s our brilliant 
Engineering Staff and their constant research, 
which is always just a step ahead of the field. What- 
ever your own relay problem may be, it will pay 
you, also, to— CONSULT KURMAN.” Up to our 
necks in vital war work, perhaps we can only talk 


to you. That, too, will pay you. 


















KURMANE Feo ** 


30-30 NORTHERN Brivo. Lone Istanv City, N.Y 





RELIANCE is a factor in 


low cost power production 


The Robstown, Texas mu- 
nicipal power plant is oper- 
ated at a profit to tax payers, 
sells power to home and in- 
dustrial consumers at low cost. 

Each of its Superior engines has a Reliance 
Tachometer on the gauge board. 

Accurate reading of RPM is a factor in low 
cost production anywhere. Reliance has that ac- 
curacy. Each instrument is calibrated individually 
on the test stand. It’s durably built, too, for last- 
ing dependability. 











BARBOUR STOCKWELL COMPANY 





CAMBRIDGE, MASSACHUSETTS 
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PRECISION 
HYDRAULIC TESTING MACHINE 


with Pendulum 
Load Indication 


MORE ACCURATE, MORE DEPENDABLE 
FOR PRODUCTION TESTING ecause; 


Pendulum load indicator operates on the natural laws of gravitation. 
... This principle of operation is not affected by temperature changes 


or subject to metal fatigue. ...Write for descriptive literature and quotations. 


TESTING MACHINES 


Division of 


American Machine and Metals, Inc., East Moline, Illinois 


Other Products: IMPACT TESTERS + VICKERS HARDNESS MACHINES - BRINNELL HARDNESS TESTERS ~- MEASURING INSTRUMENTS 
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Gas-hred three-zon¢ wire-patenting 


furnace, equipped with Micromax Electric Control for holding each zone at exactly the specified temperature 


OUTPUT OF COLD-DRAWN WIRE 


Is Speeded by Micromax Control Pyrometers 


The furnace shown above has a vital war-time job—it is 
used for patenting, or specially-annealing, the Laclede Steel 
Company's hot-rolled rod, preparation for the process of 
cold draw ing. 

Patenting is an operation in which there's no such thing 
as too-close temperature control; the closer the control, the 
smoother and faster the drawing proceeds, and the longer 
the expensive drawing-dies can last. 

Knowing this so well, Laclede’s engineers picked Micro- 
max Pyrometers to regulate the patenting temperature—to 
hold it as steadily on the mark as engineering skill and 
science will permit. And that’s very close—so close that the 
Micromax chart records are sometimes almost ruler-straight 
for hours at a stretch. 

If you could keep one eye on the Controller and the other 
on its fuel valve, you'd see how this evenness of regulation 
is maintained. You’d see the valve’s position-pointer shift a 
bit toward the open or close position; yet the motion of the 


Jrl Ad N-33A-626( 









A Slogan For All Americans MEASURING INSTRUMENTS - 
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LEEDS & NORTHRUP COMPANY, 4955 STENTON AVE., PHILA, PA. 


TELEMETERS - 


Controller’s detecting mechanism might be so small you 
couldn't see it at first. There might be another valve-motion, 
or several more, before you could see that the pyrometer's 
record had been nudged ever so slightly out of line, and 
nudged back again as the change in fuel supply brought the 
temperature back to the control point. 

That’s what we call micro-responsiveness; the ability to 
act—correctly—when something tries to upset temperature. 
If the upsetting factor is small (a change in wind direction, 
perhaps), the correction is prompt but small. But if. the 
upset is big, as when the furnace load is changed, the cor- 
rection is both big and fast. Regardless of size, it’s always 
in proportion, to hold temperature in the narrow path 
needed for high production of war goods. 

If you have a furnace—whether for wire, or for cemen* 
castings or anything else—on which you want highly de- 
pendable temperature control, tell us and we'll gladly try 
to help. Or, if you just want a Micromax catalog, ask for 
N-OOA, “Micromax Electric Control”’. 






LEEDS & NORTHRUP 


HEAT-TREATING FURNACES 


AUTOMATIC CONTROLS - 
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THE PUBLISHER’S PAGE 
|. From WPB to Publisher of Instruments 


. r OF 942 
Dear Mr. Rimbach: July 27, 1943 


Within the past few weeks we have received several 
communications from would-be subscribers of yours saying 
that they have been unable to enter subscriptions to your 
nublication “Instruments” as a result of WPB limitation 
orders. The text of these communications indicate that a 
false impression has been created by your statements. 

The WPB limitation order L-244, as you know, limits 
the amount of paper a publisher may use but does not 
stipulate the method by which such curtailment is to be 
effected. Some publishers have chosen to restrict advertis- 
ing, some to lowering their weight of paper, some to cut- 
ting the size of their magazine, some to restricting their 
circulation, and some to a combination of these measures. 
Publishers of small-tonnage magazines get favorable treat- 
ment under the order, for they have not yet suffered any 
cut below 1942 use as have the large publishers. 

Apparently your company has elected to greatly increase 
your advertising and to restrict your circulation to stay 
within your paper quota. The advertising pages of “In- 
struments” in the first quarter of 1943 exceeded by 75% 
the advertising pages carried in the first quarter of 1942. 
In view of this fact, it is obvious misrepresentation to state 
to would-be subscribers that you do not have sufficient paper 
to accept new subscriptions. 

In a previous discussion with Mr. W. J. Risley, Jr., Chief 
of the Magazine Section, Printing and Publishing Division, 
a representative of your company stated that you could 
save sufficient paper by reducing margins and paper weights 
to accept subscriptions by the Armed Services and Mem- 
bers of the Armed Services. Your recent actions are not in 
accordance with your former statements. 

We ask that you immediately cease these misrepresenta- 
tions of WPB Order L-244 and that you furnish us, at an 
early date, new figures showing the number of advertising 
and the number of editorial pages carried by issues, in all 
issues published to date since the March issue. We ask also 
for your poundage paper consumption by quarters of 1943. 
This information should be supplied for each of your two 
magazines: “Instruments” and “The Instrument Maker. 

Looking forward to an early reply, I am 

Very truly yours, 
STEPHEN G. WRIGHT, Consultant 
Printing and Publishing Division 


2. Reply from Publisher of Instruments 
Dear Mr. Wright: August 2, 1946 

Your letter of July 27th was received in my office while 
I was in Washington and I am sorry that I did not have it 
before as I would have come in to see you. I now plan to 
be in Washington again on Thursday and Friday of this 
week and I will get in touch with you. 

You state that the text of communications your Division 
has received indicate that a false impression has been cre- 
ated by my statements. I am sorry to differ with you in 
this regard as the note we sent out to all prospective sub- 
scribers, upon receiving their orders stated: 

“In spite of making every economy it is still not possible 
for us to accept subscriptions as they are received due to 
War Production Board Limitation Order L-244 which re- 
duces the amount of paper which we could obtain for the 
publication of our magazine under the previous Limitation 
Order.” 

I fully appreciate that Limitation Order L-244 does not 
stipulate the method by which curtailment is to be effected 
it it certainly does not give the small-tonnage magazines 
ore favorable treatment, as usually the small publisher 
as only one publication whereas the large publisher has 
everal of which one or more may serve a consumer field 
nd therefore do not have need for the amount of paper 
previously used. 
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In your third paragraph you allege that we have elected 
to greatly increase our advertising and to restrict our 
circulation, and you state further that in the first quarter 
of 1948 Instruments exceeded by 75% the advertising pages 
carried in the first quarter of 1942. Actually there was an 
increase of 77%, but on checking the advertising in the 
first quarter of 1943 with that in 1942 of one of the tech- 
nical monthlies of a large publisher, I find that there was 
an increase of slightly over 100% in that magazine. 

I do not quite appreciate your statement “In view of this 
fact, it is obvious misrepresentation to state to would-be 
subscribers that you do not have sufficient paper to accept 
new subscriptions.”’ My answer is that the advertising in a 
technical journal is just as important to the readers as the 
articles and we certainly could not do a complete job unless 
this information was furnished to the readers. Not only 
are instruments required for the fighting equipment but 
instruments make possible better guns, tanks, airplanes, 
ships, shells and armor plate by controlling vital steps in 
the processes by which these tools of war are produced. 

In answer to your fourth paragraph, I am sorry that I 
must point out that evidently there was some misunder- 
standing as I did not have the pleasure of meeting Mr. 
Risley, Jr., when I called at the War Production Board, 
and no other representative of our publishing company was 
ever at the War Production Board. Therefore, I cannot 
agree that my recent actions are not in accordance with 
my former statements as I never made any statements. In 
my letter to Mr. Burns dated June 9th, I pointed out that 
I never made the statements attributed to me mentioned in 
a letter from Lieutenant Scudder, Chief of the Libraries 
Branch of the Air Adjutant General’s Office.* 

As I have never made any misrepresentations of WPB 
Order L-244 and have no intentions to do so, I am indeed 
at a loss to understand the last paragraph of your letter. 
In my letter of June 9th to Mr. Burns I attached charts 
showing the paper used in 1942 and up to and including 
May 1943 for both Instruments and The Instrument Maker. 
Therefore, if you will refer to the charts which I have fur- 
nished to him, only three additional figures need be added: 
The Instrument Maker used 877 pounds of paper in the 
May-June issue, and Instruments used 4687 pounds in the 
May issue and 4489 pounds in the June issue. In the second 
quarter of 1942 Instruments had 91 pages of advertising 
and in the second quarter of 1943 163 pages or an increase 
of 78% as against 77% in the first quarter. The poundage 
of paper used in the first quarter of 1943 on Instruments is 
25,897; in the second quarter 14,477. In the case of The 
Instrument Maker it is not possible to report by quarters 
as the publication is a bi-monthly. Therefore, we must 
divide the paper of the March-April issue between the first 
and second quarters which means that for The Instrument 
Maker we used 1,832 pounds of paper in the first quarter 
and 1,411 pounds in the second quarter. 

If I can be of any further assistance to you, please advise 
me. Sincerely yours, 

RICHARD RIMBACH, President 
The Instruments Publishing Co., Ine. 


*Lieut. Scudder had written us that authorities had informed him that ‘“‘the 


Instruments Publishing Co. has stated that it could not now accept subscriptions for 
the Armed Forces 


3. Last-minute Progress Report, Aug. 7 

As promised in my letter to Mr. Wright, I saw him in 
Washington yesterday, August 6. He requested that I make 
revised statement to prospective subscribers and I do so: 
“According to the revision of L-244 dated March 26, 1943, 
The Instruments Publishing Company is entitled to an 
amount of paper 18% over its 1942 usage. During 1942 the 
paid subscription list was increased from 5200 to 10500 or 
an increase of 100%. So far this year the advertising in 
Instruments has increased 77%. As this advertising in- 
crease is necessary to take care of the doubled circulation, 
we do not have sufficient paper to accept new subscribers. 
All possible economies in the production of the magazine 
have been made.” 
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RICHARD RIMBACH, Publisher 




















Graphical Analysis of Transient Phenomena 
In Industrial Processes 


By KALMAN J. DeJUHASZ 


Professor of Engineering Research, The Pennsylvania State College, State College, Pa. 


SUMMARY. The interrelations among 
liquid level, rate of influx and rate of 
effiux for a storage vessel are deter- 
mined by graphical analysis. It is as- 
sumed that a constant rate of influx 
and efflux exists during a small finite 
time element, whereby the level is 
changed by a small finite amount which 
can be graphically determined. The new 
level determines a new rate of influx 
and efflux, which again is assumed to 
be valid for the next time interval, for 
which the new change of level is deter- 
mined. Thus, step by step, the entire 
duration of the phenomenon can be cov- 
ered in a number of steps. The proced- 
ure is applied to nine examples of flow 
processes, such as suddenly and grad- 
ually changing rates of influx and 
efflux. 


HEORIES of continuous operation 
of industrial processes deal with 
the following general problem: 
Consider a vessel in which liquid is con- 
tained at a certain level, into which 
liquid is supplied at a certain rate of 
influx, and from which liquid is with- 
drawn at a certain rate of efflux; the 
liquid level, rate of influx and rate of 
efflux being in general variable; deter- 
mine the interrelations among liquid 
level, rate of influx and rate of efflux. 
The foregoing formulation deals with 
a system involving liquid flow; there 
are analogous processes involving flow 
of energy, thermal and mechanical. For 
a system involving thermal flow the 
problem can be formulated as follows: 
Consider a heat storage device, such as 
a boiler, containing a medium at a cer- 
tain temperature, into which heat is 
supplied at a certain rate of heat units 
per unit time, and from which heat is 
withdrawn at a certain rate of heat 
units per unit time; the temperature in 
the storage device, the rate of heat sup- 
ply, and the rate of heat withdrawal 
being in general variable; determine 
the interrelations among temperature 
of stored medium, rate of heat supply 
and rate of heat withdrawal. 

For a system involving mechanical 
energy flow the problem can be formu- 
lated as follows: Consider a storage de- 
vice for mechanical energy such as a 
flywheel rotating at a certain speed, to 
which energy is supplied at a certain 
rate (power input), and from which 
energy is withdrawn at a certain rate 

Acknowledgments. The author expresses 
his appreciation to Mr. A. Yorgiadis, Re- 
search Associate at The Pennsylvania State 
College, for valuable aid in checking calcu- 
lations and making the drawings; and to 
Messrs. C. E. Mason and P. W. Keppler for 
their comments and suggestions: and his 
indebtedness to Major M. F. Behar for his 
care in checking, editing and arranging the 
text and for his several suggestions for 
improving its clarity and completeness. 
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(power output); the flywheel speed, the 
power input and power output being in 
general variable; determine the inter- 
relations among flywheel speed, power 
input and power output. 

It is seen that the liquid level in the 
vessel is analogous to the temperature 
in the heat storage device and to the 
speed of the flywheel; the influx rate 
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ized. For example, if q, and q, change 
in such a manner that (q; —q,) co! 
stant, then 


dh q,:- 
dt A 


constant, 


that is, the liquid level sinks or rises at 
a constant rate. In the particular case 











Te 


Fig. 1. Elementary Liquid Flow Sys- 
tem. S—supply tank; C—efflux ves- 
sel; fi—influx valve; fe—efflux valve; 
A—area of efflux vessel; b—head of 
efflux ; gi—rate of influx; qe—rate of 
efflux. 


(or efflux rate) of the liquid is anal- 
ogous to the rate of heat supply (rate 
of heat withdrawal) and to the power 
input (power output). Similar anal- 
ogies can be formed for systems involv- 
ing chemical reactions and electrical 
magnitudes, 

In view of these analogies and for 
the sake of easy visualization, liquid 
flow systems only will be considered. 


Elementary Liquid Flow System. An 
elementary liquid flow system is depict- 
ed in Fig. 1, in which C represents the 
liquid container having cross-sectional 
area A, containing liquid at a level h. 
Into container C liquid is supplied from 
supply tank S through an adjustable 
supply valve having effective area f,, 
at the influx rate gq, volume units per 
second, this rate being a function of the 
setting f, of the supply valve, and of 
the supply head h,. From container C 
liquid is withdrawn through an adjust- 
able demand valve having an effective 
area f., at the efflux rate q, volume 
units per second, this rate being a func- 
tion of the setting f, of the demand 
valve, and of the demand head h. 

For a change dh of the level during 
time dt, we can write: 


A dh = (q,; -4q,) dt. 


For some simple cases the nature of 
this interrelation can be readily visual- 








Fig. 2. Basic Procedure of Graphical Analysis in the g-h dia- 
gram and in the ¢t-qg and t-b diagrams. 


in which q, —4q,, dh/dt=—0, and the 
head remains constant. In general, how- 
ever, both gq, and q, vary, their values 
depending on time t (for example due 
to changed settings of the supply valve 
f, and/or of the demand valve f,), on 
the liquid level h which is itself vari- 
able, and on the actions of the regula- 
tory means incorporated in the system, 
and responding to changes in the deri- 
vatives of h so that in general 

dh d?h 
f (t,h,—,— 


(q; - 4) es, 
dt dt? 


as a consequence of which the differen- 
tial equation 


dh dh dh 


dt dt dt2 


takes a complicated form which in spe- 
cific cases may involve great, and even 
prohibitive, mathematical difficulties in 
its solution. 

In recent years much valuable work 
in this field in this country and abroad 
(see bibliography) contributed impor- 
tantly to the clarification of the problem 
and to its solution for specific cases in 
industrial practice—with the aid of 
conventional differential calculus and 
of the more refined operational methods. 
These methods, however, have the dis- 
advantage that their applicability is re 
stricted to cases in which the law of 
variation can be expressed in mathema- 
tical functions; and even then such 
methods require more mathematical 
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ility and expertness than is at the 
nmand of most engineers concerned 
th these problems. 
In the following analysis there will 
employed a graphical method which 
is been applied in other fields!® with 
fruitful results and which has the 
merits of clarity and of being easily 
applicable not only to mathematically- 
expressible conditions but also to cases 
which the conditions are defined by 
eraphically-stated data. 


Graphical Analysis. Process phenom- 
ena are closely analogous to transient 
phenomena in elastic columns, the 
graphical analysis of which has been 
treated in detail in previous publica- 
tions.16 Therefore only a summary of 
the method, as applied to process phe- 
nomena, will be given here. 

Process phenomena involve the fol- 
lowing main variables: (1) volume 
velocities of flow q,; and q,, (2) head of 
liquid h, (8) time t. Other variables, 
such as effective valve areas f, and f, 
also enter, but only implicitly, as they 
affect the volume velocity of flow. In 
graphical analysis, interrelations in the 
process (for example volume velocity 
of flow as a function of head of liquid), 
and phenomena (for example head of 
liquid as a function of time) are pre- 
sented as diagrams in codrdinate sys- 
tems involving two of the above vari- 
ables. 

Processes involve the concepts of 
equilibrium, disturbance and transient 
phenomena. The process is in equilib- 
rium when q,=—q, and h=const. A 
disturbance consists in a change im- 
pressed on the existing equilibrium con- 
dition, e.g., by changing the effective 
area of the supply or demand valve. 
The system will tend to assume a new 
equilibrium condition. A transient phe- 
nomenon, then, is the sequence of con- 
ditions which the system assumes in 
passing from the original to the final 
equilibrium condition. 

The basic and distinctive feature of 
the graphical analysis is that it deals 
not with infinitesimal variations but 
with small finite variations of the vari- 
ables. Applied to the differential equa- 
tion of the process it is assumed that 
values of q,;, and q., existing at the 
instant t, hold valid for a small time 
element At, so that we may write: 


A Ah, = (q;,-4,,)At 


from which Ah, can be calculated, de- 
fining the new h, + Ah, value existing 
at time t, +- At. Assuming that the rate 
of influx and of efflux are known func- 
tions of the head, the new q,, and q,, 
values can be found and for the next 
At interval we may write: 


A Sh, — (q;. —q,.)At 


from which again the 4h, and the hk, + 
Ah, -+- Ah, can be calculated for the fol- 
lowing step. Continuing this procedure 
the entire duration of the phenomenon 


can be covered in a finite or infinite 
number of steps. These steps are per- 
formed graphically, in a manner re- 
sembling the method of graphic statics. 
While the assumption of constant con- 
ditions during the At time element in- 
volves an error, it will be shown in the 
later examples that a positive error 
committed in one step is largely cor- 
rected by a negative error committed 
in the following step. 


Interpretation of the time element At. 
In transient phenomena involving elas- 
tic columns!® the time element At has 
the physical significance of the time 
necessary for a disturbance to travel 
from one end of the column to the other 
end, i.e., At = L/a where L is the length 
of the column and a is the velocity of 
propagation. In other words, a time ele- 
ment At elapses before a change im- 
pressed at one end of the column makes 
itself felt at the other end. A transient 
phenomenon then can be pictured as a 
series of disturbance waves traveling 
back and forth in the column until a 
new equilibrium condition is attained. 

It would be possible in process prob- 
lems, likewise, to choose the At time 
element in this manner. But the dis- 
tance separating the point of supply 
from the point of demand is usually so 
short that the time of traversal would 
be an extremely short time, say a few 
thousandths of a second, while the 
usual duration of the entire transient 
phenomenon in an industrial process is 
several minutes or even hours. There- 
fore the number of steps necessary to 
cover the entire transient phenomenon 
would be impracticably great. For this 
reason, as a practical measure, the ef- 
fect of several or many traversals (pos- 
sibly hundreds or thousands) is lumped 
together in one time element At, The 
general concept is still retained and the 
transient phenomenon is regarded as a 
series of disturbances traveling between 
the point of supply and the point of de- 
mand, with a virtual velocity of propa- 
gation so slow that it takes the arbi- 
trarily chosen time element At for a dis- 
turbance to travel from the point of 
supply to the point of demand. Thus 
the choice of the time element At has to 
fit the process under consideration: it 
should be small enough not to obscure 
fine details in the phenomenon, and it 
must be large enough so that the dura- 
tion of the phenomenon, which is of in- 
terest in any particular industrial 
study, is covered in a reasonable num- 
ber of steps. 

The time element At having been 
chosen, the differential equation of the 
process can be written: 


A Sh= (q,-4,)At 
and writing 
(q; i q.) — 4q 

Ah At 

— —— = const. = tan (= a) 

Aq 
is obtained. This relationship can be 
represented in the gq-h diagram by 


straight lines having the slope tan 
(+ a); such a line will be referred to 
as a “directrix.” The slope can be posi- 
tive or negative according to whether 
Aq and Ah have the same or opposite 
signs. 

Fig. 2a is a q-h diagram in which the 
initial condition of equilibrium, q,, = 
q., and h, =const. is represented by 
point 1. It is assumed that this equilib- 
rium condition is disturbed at the in- 
stant t, by changing the volume veloc- 
ity of flow by the amount 4g. Then, 
after the time interval At, i.e., at the 
instant t, = t, + At, the liquid head in 
the container will be h, =h, + 4h=h, 
+ Aq tan a. According to whether the 
change 4q was impressed on the influx 
or efflux and to whether the change is 
positive (increase) or negative (de- 
crease), four cases can be distinguished, 
denoted in the diagram by letters A, B, 
C and D, for each of which: 


(A) qi, = 4), - 493 Veo 
h,=h,-Ah 


* Wey? 


(B) V1.=—4%; +. Aq; Goo = Ve13 
h,=h, +. Ah 


(C) di. = i153 Yoo = Ve, — 493 
h,=h + Ah 


1 


(D) Qi. = %iy3 Veo = Ger + 493 
h, =h,-Ah 


It is seen that for cases (A) and (B) 
in which the change is impressed on the 
influx velocity, the points defining the 
condition after the lapse of time At 
are situated on a positive directrix tan 
(+ a) passing through the point 1; for 
cases (C) and (D) in which the change 
is impressed on the efflux velocity, the 
points defining the condition after the 
lapse of time At are situated on a nega- 
tive directrix tan (—c) passing through 
the point 1. 

This procedure will be applied to 
nine definite cases, some of which have 
been treated by previous authors with 
the aid of mathematical methods: 


I. Efflux at Constant Rate; Zero Influx. 

II. Efflux and Influx at Constant Rate. 

Ill. Efflux Rate is Function of Liquid Head ; 
Zero Influx. 

IV. Efflux Rate is Function of Liquid Head; 
Infiux Rate Constant. 

V. Influx Rate is Function of Liquid Head; 
Efflux Rate Zero. 

VI. Both Influx Rate and Efflux Rate are 
Functions of Liquid Head. 

VII. Gradual Opening of Efflux Valve; Zero 
Influx. 

VIII. Harmonically Fluctuating Influx; Va- 
riable Efflux. 

IX. Plurality of Efflux Vessels in Series. 


Case I. Efflux at Constant Rate; 
Zero Influx. This condition is illustrated 
symbolically in Fig. 3a by a syphon 
which produces a constant head of ef- 
flux h, as long as the end of the syphon 
in the vessel is submerged. It is as- 
sumed that initially the demand valve 
is closed, and that the liquid level in 
the vessel is h,. At t, instant, the valve 
is suddenly opened, producing a con- 
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stant g, volume rate of flow. Choosing 
an arbitrary time element At from the 


equation 
Ah /Aq At/A tan (= a), 


the slope of the directrix is determined. 
The phenomenon is represented in the 
q-h diagram, Fig. 3b, in which point 1 
defines the initial equilibrium condition, 
and the q const. line the impressed 
efflux rate of flow. After the lapse of 
time At the liquid head drops to that 
defined by point 2 situated at the in- 
tersection of the negative directrix tan 
(—a) with the q const. line. This 
change is regarded as a disturbance 
traveling towards the influx end where 
it arrives after the lapse of time At 
and finds there the condition of zero 
influx whereby a new disturbance is 
created, the new condition being found 
at point 3 situated at the intersection 
of the positive directrix tan (+ a) 
drawn from point 2, with the gq, —0 
line, i.e., with the h-axis. This disturb- 
ance travels back towards the efflux 
end, where it arrives after time At and 
finds there the condition of q, = const. 
efflux, whereby a new disturbance is 
created, the new condition being de- 
fined by point 4 situated at the inter- 
section of the negative directrix tan 
(—a) drawn from point 3, with the 
q, const. line. In a similar manner, 
points 5, 6, . are found in the q-h 
diagram. 

The history of the change of liquid 
head can be constructed by erecting the 
ordinates of the q-h diagram on a time- 
abscissa base, as shown in Fig. 3c. In 
this figure two diagrams are shown: 
one containing points 2,4,6, . valid 
for the efflux end, and the other con- 
taining points 1,3,5, ... valid for the 
influx end. It is seen that each ordinate 
is regarded as valid for two At inter- 
vals, i.e., for one interval before, and 
one interval after, the calculated in- 
stant. The true liquid head in the first 
interval is greater than the height of 
the ordinate and in the second interval 
it is less than the height of this ordi- 
nate. By reason of this fact the two 
errors compensate each other. 

The true history of the change of 
liquid head is a continuously sloping 
line, whereas the graphically obtainéd 
history is a stepped line. This error 
can be reduced by choosing a smaller 
time-element At whereby the slope of 
the directrix will be smaller, the heights 
of the individual steps will be smaller 
and the number of the steps to cover a 
given duration of time will be greater. 
This has been done in Figs. 3d and 3e 
by choosing one-half of the time-ele- 
ment At chosen in the previous construc- 
tion. It is readily seen that in the 
limiting case, when lim At=0, the 
stepped line will become a line of con- 
stant slope, which is the true history 
of the change of liquid head, as is ob- 
tainable mathematically — and also 
graphically by connecting the mid- 
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Fig. 3. Efflux at Constant Rate; Zero 
Influx. (a) System; (b) qg-b diagram; 
(c) History diagram; (d) q-b dia- 
zram assuming one-half time element ; 
(e) History diagram for (d). 

















points of the steps with a continuous 
line as shown in Figs. 3c and 8e. It is 
seen also that in this limiting case the 
diagram of h will be identical for both 
the efflux and influx ends. 


Case II. Efflux and Influx at Constant 
Rate. This condition can be realized 
by syphons in both the supply and ef- 
flux vessel as shown in Fig. 4. It is 
assumed that initially q,,=gq,, and 
h=h, const. At the instant t, the 
demand valve is throttled down to such 
an extent that another constant reduced 
efflux rate qg,, results. Choosing an ar- 
bitrary time element At, the slope of 
the directrix is determined from the 
equation 

Ah/Aq = At/A tan (=a). 

The phenomenon is represented in the 
qg-h diagram, Fig. 4b, in which point 1 
defines the initial equilibrium condition, 
and the q,,=4\,—4., and the q,, 

const. lines the rates of flow before and 
after the throttling down of the efflux 
valve. After time At the liquid head in- 
creases to that defined by point 2 situ- 
ated at the intersection of the negative 
directrix tan (—a) drawn from point 1 
with the qg,,—const. line. This dis- 


Fig. 4. Efflux and Influx at Con- 
stant Rate; (a) System; (b) q-b 
diagram. 









turbance is propagated towards the in- 
flux end where it arrives after time 4f 
and finds there the condition of q,, 
q,, influx whereby a new disturbance is 
created, the new condition being found 
at point 3 situated at the intersection 
of the positive directrix tan (+ <) 
drawn from point 2 with the q,,, line. 
In a similar manner the further points 
4,5, ... are obtained. The history of 
change of the liquid head h = f(t) can 
be constructed in a manner similar to 
that shown in Figs. 8c and 38e but it is 
omitted in this case. 

teviewing the q-h diagrams, Figs. 
3b, 3d and 4b, the simplicity of the 
construction will become evident. Start- 
ing from point 1 representing the in- 
tial condition, directrices are drawn, 
forming a continuous broken line be- 
tween the influx and efflux lines. The 
procedure is essentially a graphical 
solution of a differential equation, the 
directrices representing the indefinite 
general solution, the starting point rep- 
resenting the initial condition, and the 
influx and efflux lines representing the 
boundary conditions for the particula! 
solution. 
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Efflux Rate is Function 
of Liquid Head; Zero Influx. 


Fig. 5. 


(a) System; (b) Streamline 
Flow, g-h diagram; (c) History 
Diagram for (b); (d) Turbu- 
lent Flow, q-b diagram; (e) 
History Diagram for (d). 




















Case III. Efflux Rate is Function of 
Liquid Head; Zero Influx. This condi- 
tion is realized by an efflux pipe being 
connected to the bottom of the efflux 
vessel, as shown in Fig. 5a. It is as- 
sumed that initially the efflux valve is 
closed: q,, = 0, the influx rate is zero: 
q, — 0, and the liquid head is h,. At the 
instant t, the efflux valve is opened. 
Choosing an arbitrary At time element, 
from the equation 


Ah/Sq = At/A = tan (+ a), 


the slope of the directrix is determined. 
According to whether the efflux is of 
streamline or turbulent character, two 
cases can be distinguished: 


(a) Streamline Flow. The efflux ve- 
locity is proportional to the head h. 
This relation is represented in the q-h 
diagram, Fig. 5b, by a straight line 
passing through the qg=— 0, h = 0 point 
and having the slope tanp=—R with 








an 











the qaxis. Starting from point 1 de- 
fining the initial condition, a negative 
directrix tan (—a) is drawn until it 
intersects the efflux line at point 2 
which represents the state of flow, both 
as to liquid head and efflux rate at the 
end of the first At interval. This dis- 
turbance is propagated towards the in- 
flux end where it arrives after the lapse 
of time At and finds there the condition 
of zero influx, whereby a new disturb- 
ance is created, the new condition being 
found at point 3 situated at the inter- 
section of the positive directrix tan 
(+a) drawn from point 2 with the 
q,; = 09 line, ie., with the h-axis. Con- 
tinuing this method of construction, the 
successive points 4, 5, 6, ... are ob- 
tained. 

Erecting the h ordinates of points 
2,4,6, ... in the q-h diagram as ordi- 
nates over a base of time as abscissa 
the history of liquid head at the efflux 





F, i al 
Zl 








T 
. Fi" Jie 





% 6 


mq 

T 
Fi Tie 
Fig 6. Efflux Rate is Function of Liquid Head; Influx Rate Constant. (a) System; (b) Streamline 
Flow, q-b diagram; (c) Turbulent Flow, q-b diagram. 


end is obtained, Fig. 5c. Erecting the 
q, abscissas of points 2,4,6,... in the 
q-h diagram as ordinates over a base of 
time as abscissa, the history of efflux 
rate q at the efflux end is obtained. 
Similarly, erecting the h ordinates of 
points 1,3,5, . in the q-h diagram as 
ordinates over a base of time as ab- 
scissa, the history of liquid head at the 
influx end is obtained. The heights of 
the steps in these stepped broken lines 
decreases by geometrical progression. 
It can be shown that in the limiting 
case, when At approaches this 
stepped function will approach an ex- 
ponential curve, i1.e., 


h =h,e-(t/AR) 


zero, 


as has been shown® by mathematical 
analysis. This, too, can be approximated 
graphically by connecting the midpoints 
of the steps in the stepped function 
with sloping straight lines, as shown 
in Fig. 5d. Theoretically, the vessel will 
be emptied in infinite time because, ac- 
cording to the exponential equation, 
h=0 at time t = ©, Of more practical 
interest, h = %h, at time t= 0.693 AR 
(which is simply log,2 of AR) and, at 
time t= AR, h = 0.368 h, (that is to 
say, h,/e). 

(b) Turbulent Flow. The efflux head 
is proportional to the square of the ef- 
flux velocity, as represented in the q-h 
diagram by the 

h= Dq. 


parabola. The method of graphical con- 
struction is similar to that described 
above, as shown in Fig. 5d, in the q-h 
diagram, and in Fig. 5e, in the h, 
f(t); h, = f(t); q, =f (t) diagrams. In 
the limiting case when lim At = 0, the 
h = f(t) diagram will approach a para- 
bola, and the q, = f(t) diagram a slop- 
ing straight line. Theoretically, the 
vessel will be emptied in the time 


== ZA (D/h,)? = ZA (Dh,)}, 
which is twice as long as it would take 
if the initial velocity 
a. (h,/D) 


were to remain constant. 

It is readily seen that efflux accord- 
ing to any other law, even if the law 
is expressed by an experimentally-ob- 
tained curve and not by a mathematical 
function, can be treated by means of 
the graphical analysis. 


Case IV. Efflux Rate is Function of 
Liquid Head; Influx Rate Constant. The 
system is depicted in Fig. 6 showing 
a constant influx through a syphon 
from the supply tank, and a variable 
efflux through a pipe connected to the 
bottom of the efflux vessel. It is as- 
sumed that initially the efflux valve has 
been open to a certain extent, resulting 
in the equilibrium condition q,, = q,, = 
const., and h, = const. as defined in the 
q-h diagram by point 1. At the ¢, in- 
stant, the efflux valve is suddenly 
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opened more, resulting in an increased 
rate of efflux, while the influx rate re- 
mains at the previous value, q,, = q,- 

The graphical procedure is shown for 
the case of streamline flow, Fig. 6b, and 
for turbulent flow, Fig. 6c. The treat- 
ment is similar to that given in the 
previous example. It is seen that the 
process tends to assume a new equilib- 
rium condition, at which again the rate 
of efflux is equal to the rate of influx, 
but the liquid level is lowered. Theo- 
retically, the new equilibrium condition 
will be attained in infinite time. The 
construction of the history diagrams of 
the change of efflux is omitted in this 
case. 
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Case V. Influx Rate 1s Function of 
Liquid Head; Efflux Rate Zero. The 
system is depicted in Fig. 7 in which 
the supply pipe is shown submerged in 
vessel C. The level in the supply tank 
is assumed to be constant. The rate of 
influx into vessel C will be a function 
of the liquid level in vessel C. It is as- 
sumed that initially the supply valve 
was closed, and the level in vessel C 
was at h,. At t, instant the supply 
valve is suddenly opened. The q-h dia- 
gram of the ensuing transient phenom- 
enon is depicted in Fig. 7b for stream- 
line flow and in Fig. 7c for turbulent 
flow, for which no further explanation 
is needed. 


N 

















Fig. 7. Influx Rate is Function of Liquid Head; Efflux Rate Zero. (a) System; (b) Streamline Flow, 


q-b diagram; (c) Turbulent Flow, q-b diagram. 
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Fig. 8. Both Influx Rate and Efflux Rate are Functions of Liquid Head. (a) System; (b) Streamline 
Flow; q-b diagram; (c) Turbulent Flow, q-b diagram. 
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Fig. 9. Gradual Opening of Efflux Valve; Zero Influx. (a) System; (b) Streamline Flow, q-b dia- 


gram; (c) History Diagram for (b). 
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In a manner similar to that describ« 
above, the case can be treated in whic! 
there is efflux at a constant rate and 
the influx is a function of the liquid 
head in vessel C. The illustration fo: 
this case is omitted. 


Case VI. Both Influx Rate and E fflus 
Rate are Functions of Liquid Head. The 
system is depicted in Fig. 8a showing 
the efflux pipe connected to the bottom 
of the efflux vessel, and the influx pipe 
submerged in the efflux vessel. Thus 
both the efflux rate and the influx rate 
are functions of the liquid level in the 
efflux vessel. It is assumed that the level] 
in the supply tank remains constant. In 
the initial condition of equilibrium both 
the influx valve and the efflux valve are 
assumed to be open to a certain extent, 
and the two flows balanced, q;, = 4,, 
and level h, constant. At t, instant the 
supply valve is assumed to be suddenly 
opened more, resulting in an increased 
rate of influx. 


The q-h diagram is given for the case 
of streamline flow, Fig. 8b, and for 
turbulent flow, Fig. 8c. It is seen that 
the process tends to assume a new con- 
dition of equilibrium, at a higher rate 
of influx and efflux, and at a higher 
level in the vessel. The history diagram 
of the transient phenomenon is not 
given, but it can be readily visualized 
that the approach to the new equilib- 
rium condition will assume the form of 
an exponential function in the case of 
streamline flow, and of an approximate- 
ly exponential function in the case of 
turbulent flow. Theoretically, the new 
equilibrium condition will be attained 
in infinite time. 


In order to give a complete picture 
of the system, these drawings are small- 
scale. When actual numerical problems 
are to be solved, it is of course advan- 
tageous to draw to a large scale the 
portions of the diagrams in which 
graphical constructions are contained. 


Gradual Change of Conditions. For 
simplicity’s sake, the “disturbance” con- 
sidered in the previous examples was 4 
sudden change of conditions. In actual 
processes, changes are not instantane- 
ous but gradual. Some disturbances of 
this kind will be analyzed in the fol- 
lowing. 


Case VII. Gradual Opening of Efflux 
Valve: Zero Influx. The system is de- 
picted in Fig. 9a; the assumptions are 
similar to those in Case III (Fig. 5.) 
except that efflux valve is opened not 
suddenly but gradually: the valve area 
f. increasing from the initial value f,, 
= 0 to the final value f,. at a constant 
rate as shown in Fig. 9c, during 6 At 
time intervals. Assuming streamline 
flow, the flow resistance at each instant 
is characterized in the g-h diagram by 
a straight line, passing through the 4 
= 0, h=0 point and forming slope tan 
p=R with the q-axis. These flow re- 
sistances p,, p,, P,, P, are entered in the 
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q-/, diagram for the vaive areas f,., f.,, 
feo» fez» Valid for the t, + At, t, + 34t, 
t, + 54t instants, and for the t>(t, + 
6At) time respectively. In the graphi- 
cal procedure, starting from the initial 
condition, defined by point 1 in the q-h 
diagram, a negative directrix is drawn 
and brought into intersection at point 2 
with the p, line. This disturbance trav- 
els towards the influx end where it ar- 
rives after the lapse of time 4t and 
finds there the condition of zero influx. 
This is a new disturbance, the condi- 
tions for which are found by drawing a 
positive directrix from point 2 until it 
intersects, at point 3, the g, =0 line, 
i.e., the h-axis. This disturbance travels 
towards the efflux end where it arrives 
after a further time interval At and 
finds there the valve open to the extent 
f,,, and the new condi- 
tion will be found by 

drawing a negative di- 

rectrix from point 3 to (2) 
intersect the p, flow re- 
sistance line at point 4. 
In a similar manner the 
successive points 5, 6, 7, 


efflux takes place through the efflux 
valve, opened to a constant area, ac- 
cording to streamline flow, as charac- 
terized in the q-h diagram, Fig. 10c, 
by a straight line drawn through the 
q=—0,h=0 point ata slope tanp=—R 
towards the q-axis. Initially the process 
is in equilibrium, influx taking place at 
a rate g,, = const., as characterized by 
point 1, being situated at the intersec- 
tion of the tan p = R efflux line and the 
q\, — const. influx line. At t, instant, 
the influx rate begins to fluctuate, 
above and below the q,, value, as a 
harmonic function of time, as defined 
by the q; line in the qg, = f(t) diagram, 
Fig. 10b. 

The At time element is chosen %4th 
part of the complete period of influx 
fluctuation, and the tan a directrix de- 
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- 4 10 { 9; (b) 
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termined. The rates of influx for the in- 


stants t,-+-At, t,+34t, t,+54t,...are 
determined from the gq, = f(t) curve, 
and entered on the qg-h diagram. Start- 
ing from point 1 a positive directrix tan 
(+ a) is drawn, cutting the q,, line at 
point 2. This disturbance travels to- 
wards the efflux end where it arrives 
after time At; efflux will take place ac- 
cording to point 3 situated at the inter- 
section of the negative directrix drawn 
from point 2 and of the efflux line tan 
p = R. This disturbance travels towards 
the influx end where it arrives after 
time interval At and finds there influx 
taking place at the rate q,,, the new 
condition being defined by point 4 situ- 
ated at the intersection of the positive 
directrix tan (+a) drawn from point 3 
with the q,, line. In a similar manner 








. are obtained. 


The q, abscissas of -« 
points 2, 4, 6,... in the 
q-h diagram are erected “———_—; 
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as ordinates over a time Ye 
base, to form the history 
of the rate of efflux; the 
ordinates of points 2, 4, 
6,... are erected as or- 
dinates over a time base, 
to form the history of 
liquid level at the efflux 
end; the ordinates of 
ponte: 1, 3, 6, T,.... in 
the q-h diagram are 
erected as ordinates over 
a time base, to form the 
history of liquid level at 
the influx end. These dia- 





















































grams, Fig. 9c, give full 
information on the prog- 
ress of the process. 


In the case of turbu- 
lent flow, instead of the 
straight-line resistance 
diagrams, the corre- 
sponding parabolas have 
to be used; otherwise the 
procedure is similar to 
that shown for stream- 
line flow and the con- - 'P 
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struction may be omitted 0 
in this case. 


It is easy to see, fur- 
thermore, that the pro- 
cedure can be applied to 
any other law of opening 
the valve, instead of the 
time-proportional open- 
ing shown in the present 
example, 


Case VIII. Harmoni- 
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cally Fluctuating Influz ; 
Variable Eflux. The sys- 
tem is depicted in Fig. 
10a. It is assumed that 


Fig. 10. Harmonically Fluctuating Influx; Variable Efflux. (a) System; (b) qg-h diagram; (c) History Diagram 
for (b); (d) q-b diagram for influx fluctuation slower than in (b); (e) History Diagram for (d); (f) q-b 
diagram for influx fluctuation faster than in (b); (g) History Diagram for (f). 
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the successive points 5, 6, 7,... are 
found. 

For the history diagrams of the rate 
of efflux q,, and liquid level h, the coor- 
dinates of the points 2, 4, 6,... (for the 
efflux end) and of the points 1, 3, 5,... 
(for the influx end) are erected on a 
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ference ~ will approach one-quarter 
period of the influx fluctuation. 

Fig. 10e and i0f show the q-h dia- 
gram, and the q, f(t) and h f(t) 


diagrams, respectively, for the case of 
A,=—2A,., the other conditions being 
the same as for Fig. 10a, b and ec. Figs. 
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time base as abscissa, as shown in Fig. 
10d. It is seen that both the rate of 
efflux and the liquid level tend to as- 
sume a harmonic fluctuation about 
their median value, having the same 
period as that of the influx rate q,, but 
having a phase displacement in relation 
to the latter. This result has been found 
also by mathematical analysis.* It can 
be visualized that as the period of in- 
flux fiuctuation is increased, or the 
capacity of the vessel (A) decreased, 
or the resistance to flow (R= tan p) 
decreased, the phase difference ¢ will 
approach zero; as the period of influx 
fluctuation is decreased, or the capacity 
of the vessel increased, or the resist- 
ance to flow is increased the phase dif- 
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6 10 12 14 16 18 20 xt 


Plurality of Efflux Vessels in Series. (a) System; (b) q-b diagram; (c) History diagram 


10g and 10h show the g-h diagram, and 
the g.=— f(t) and h=f(t) diagrams, 
respectively, for the case of A, = 4A, 
the other conditions being the same as 
for Figs. 10a, b and ec. It is seen that 
the phase displacement y between the 
influx and efflux diagrams increases as 
the cross-sectional area of the efflux 
vessel increases. It can be proven, but 
the proof is omitted here, that the re- 
lationships 
(27/p) AR; 


a 


tan q 
(Ge) max = Vo * (4 4 £ (Qa/p) AR]2)! 
(where p is the period and a the ampli- 
tude of influx fluctuation) exist, as has 
been found by previous mathematical 
analysis. ® 


t 


Case IX. Plurality of Efflux Vess« 
in Series. The system is depicted 
Fig. lla, showing two efflux vessels i; 
series, into the first of which liquid is 
supplied from the supply tank at a con 
stant rate. It is assumed that at the 
instant t, the rate of supply is changed 
from the initial value q,, to a new value 
q,, and is kept constant. As a conse- 
quence of this change the liquid levels 
in the two efflux vessels will tend to as 
sume new equilibrium values. The con- 
struction of the q-h diagram is shown 
in Fig. 11b and the history of the rates 
of efflux in the two efflux vessels ap- 
proach the new rate of influx asympto- 
tically, the one from the first efflux tank 
more rapidly, the one from the second 
efflux tank more slowly. This result is 
in agreement with expectation and 
with mathematically-obtained previous 
results. 

The graphical method described could 
be applied to many more problems of 
interest in industry but the treatment 
of all possible cases is beyond the scope 
of this article. Nevertheless it is be- 
lieved that even the few simple exam- 
ples treated in this article will serve the 
purpose of arousing interest in, and 
forming an introduction to, this simple, 
clear and fruitful graphical method for 
analyzing industrial process problems. 
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JEWELED 
GALVANOMETER 


MECHANICAL RELAY Ys x 


AUXILIARY MOTOR 4) 


CALIBRATED CAM 
FRICTION-FREE TRANSMITTER 





In the Cochrane Flow Meter, the Null or Zero Balance principle 
is employed, balancing the unknown quantity by adjusting a 
known quantity of the same kind. A highly sensitive detector is 
used to determine the point of balance. A friction-free transmitter 
serves as a pilot for an external motor drive. The motor restores 
the bridge to balance and operates recording pen, indicating pointer, 
and integrator. The measuring circuit is relieved of all work. 
























Another Low Main- 
tenance Feature 
——-the Large 
Reservoir Pen 





ae 
The giant glass pen in the 
Cochrane Flow Meter recorder | 
is another of the many features | | 
designed to minimize they’ \ 
amount of attention required J), | | 


in the operation of the meter. nn 
The reservoir holds a month’s J * -; 
supply of ink. The point is J 
tipped with platinum-iridium, 

for almost indefinite wear. 

For other Cochrane features, 


see Cochrane Publication 3010. 
A copy willbe sent upon request. 









COCHRANE CORPORATION 
3120 N. 17th St., Philadelphia 32, Pa. 








COCHRANE FLOW METERS 
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Forced-oscillation Approach to the Problem of the 


Automatically-Controlled Continuous Process 


(Mr. Ewald's article began as a blackboard 
talk (without prepared manuscript) before 
the Southeastern Section of the American 
Physical Society. At Instruments’ request he 
wrote it and sent us sketches. Even from 
this first draft it was obvious that Mr. 
Ewald had made a valuable addition to 
those mathematical treatments which can 
be grasped by most of our subscribers in in- 
dustry. The article in that form, with over- 
simplified circuit diagram, broad generaliza- 
tions, etc., was no doubt suitable for a 
scientific journal. In order to make it suit- 
able for Instruments subscribers, implicit 
assumptions scattered through it had to be 
stated explicitly. Omissions of no conse- 
quence to physicists or chemists turned out 
to be serious from the viewpoint of Instru- 
mentation. In sort, the Instrumentation 
problem was not even stated. With Mr. 
Ewald’s rermission we have taken his as- 
sumptions; added other essential ones; put 
them all down in words and in diagrams; 
and formulated the problem, as follows:] 


INTRODUCTION—-STATEMENT 
OF THE PROBLEM 


By M. F. BEHAR 


A’ idea] two-capacity-process auto- 
matic-control circuit is shown in 
Fig. 1. The condition to be controlled is 
temperature: the purpose of the instal- 
lation is to raise to a constant tempera- 
ture 7; a flow of water passing through 
a heat exchanger. The water flow Qw 
is constant, but the inlet temperature 
varies (whence the need of control). Be- 
fore a condition can be controlled, it 
must be measured, so the outlet tem- 
perature Tw is measured by the con- 
troller’s primary element, which is in 
direct contact with the water and is as- 
sumed to be ideal. This temperature is 
indicated (71) and recorded. The indi- 
cating (and recording) element is as- 
sumed to be inertialess, lagless and ac- 
curate. Thus 7:— Tw at all times— 
which assumption, though contrary to 
experience, may be justified by assum- 
ing that application lags are enormous- 
ly greater than measuring-system lags. 

The controller’s measuring system is 
not only ideal in its sensitivity and 
freedom from thermometric lag and in- 
ertial lag, but the displacement of its 
indicating pointer obeys a_ perfectly 
linear scale law, so that the instrument 
scale, which is uniformly graduated, 
represents a portion of the thermody- 
namic scale of temperature. For con- 
venience, this instrument scale-range is 
marked “0” to “100” and the setting- 
point is exactly half-way up the scale. 

Perfect automatic control may be 
said to be an unattainable ideal for the 
reason that a controller only starts 
correcting when a correction has to be 
made. So long as the outlet temperature 
is “exactly” 50° (so long as 7: = Tc) 
the controller remains inoperative: no 
command is transmitted from the in- 
strument to the valve. Not until a de- 
parture (7; Tc) occurs need the con- 
troller act. The controller is so designed 
that it will not act until a departure 
occurs. Finally, the controller will not 
act until its measuring system responds 
to a measurable departure 


A=T7:-Tc > Zp 


where Zp is the dead zone. 


In any mathematical treatment it may be 
assumed that Zp is an infinitesimal, so that 
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Fig. 1. A Control Circuit consisting of Automatic Controller and Application. In this example 


the circuit is a ‘‘Controlled Process.’’ 


(Note.—From the way we have laid out the piping, etc., 


one solution is fairly obvious: changing the control system from a single-measuring-element con- 


troller to a two-element controller with 


its second 


thermal element continuously measuring the 


temperature of the cold water and thereby making possible an amticipatory mode of control. How- 


ever, that would mean ‘‘changing the rules after 
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Fig. 2. No matter what particular span of the 
thermodynamic temperature scale the controller’s 
scale matches, the relation is perfectly linear. 


Tc is a “point” and not a “zone,” In this 
particular case, moreover, the whole span 
of the controller’s scale may be assumed to 
represent so small a number of degrees 
Centigrade or Kelvin or Fahrenheit that the 
dead zone, which is an essential of auto- 
matic control, is greater. than.a mere ip- 
finitesinial on the’ scale of the comer ote hay 
névertheless is negligible in practical»eatcu- 
lations pertaining to the controlled process. 


The indicating element actuates ef- 
fortlessly (without drag) a relay or a 
plurality of relays, whereby auxiliary 


the contest has started.’’ Contest? Well . . ) 
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Fig. 3. The controller's final element is ideal 
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power operates a valve in the steam 
supply line. (This “assumption” is 4 
common actuality.) The position of the 
valve determines the flow Qs of con- 
stant-temperature and constant-quality 
steam, hence the rate at which heat 
is transferred to the water. 

It is assumed that the controlled 
valve is ideal in that the steam flow 
Qs (and hence the flow of calories) 
through it is a linear function of the 


valve opening as shown in Fig. 3. 
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[t is assumed that the mechanism of 
the automatic controller is capable of 
ting instantaneously, so that a change 
in Tw (any change in T; between “0” 
and “100”) can instantly command a 
change in V (between +50 and —50). It 
is further assumed that the auxiliary 
Pp 
lI 


o> 


wer is limitless and that the valve is 

ertialess, so that V (and hence Qs) 
can be changed instantaneously, 

These assumptions, as in the case of the 
absence of a dead zone, can be logically 
justified by simply stating that the process 
lags are enormously greater than the con- 
trol-system lags. 

It is assumed that the automatic con- 
troller’s mechanism includes measuring 
or discriminating elements (distinct 
from its temperature measuring system 
proper) which are capable of the fol- 
lowing functions: 

(1) Continuously measuring the in- 
stantaneous value of the departure; 

(2) Discriminating between values 
of A above and below 50; 

(3) Continuously measuring the rate 
of departure dA/dt and, of course, dis- 
tinguishing its direction. 


Finally, it is assumed that the auto- 
matic controller’s mechanism possesses 
a plurality of A vs. V and (dA/dt) vs. 
V characteristics or “corrective-action 
characteristics” or “valve-action char- 
acteristics” or “performance character- 
istics” or simply principal characteris- 
tics, so that its mode of control is a 
complex mode even if not modified by 
application characteristics. There natu- 
rally follows the important assumption 
that each of these controller character- 
istics or “actions” is individually ad- 
justable, so that THE mode of control 
is “fully” adjustable. {Common exam- 
ples in practice, individual adjustments 
for throttling range and for rate of 
droop correction.) 

In practice, the choice of the number 
and types of control-action characteris- 
tics determining the mode of control 
will depend primarily upon the various 
characteristics of the application and 
upon the at-least-partial adjustability 
of these application characteristics 
(which determine ‘“controllability’’), 
upon the desired “closeness” or “good- 
ness” of control, upon cost, etc. 


In this case, the specification of 
control characteristics amounts to noth- 
ing less than the basis of the solution 
of the problem, Essentially, the problem 
is to specify a controller which, in spite 
of varying inlet water temperature and 
in spite of application lags, will cause 
the heat exchanger to deliver water 
heated as close as possible to 7 during 
the greatest possible number of min- 
utes throughout the day. Not only must 
departures be minimized but their dura- 
tions must be minimized. In mathemati- 
cal language, the specific problem is to 
minimize the hourly (or daily) totals 
of the areas fd, both positive and 
negative: to damp them out in minimum 
time. In plain language, therefore, the 
solution of the problem is to state what 
an ideal controller should do and why. 
Such a statement, of course, is essen- 
tially a description of the characteris- 
tics of the ideal controller for the two- 
capacity application, followed by an 
analysis of the interaction of controller 
and application, leading to a proof that 
the departure integrals are minimized. 

Now then, Mr. Ewald, take over! 





was a “solution” we prefer to describe this article as a 

presentation of a theory for an idea] automatic-control 
cireuit, particularly as applied to chemical processes. The 
presentation will show the resemblance of such a circuit to 
a forced mechanical oscillating system, thereby suggesting 
solutions. 

In order to control the process illustrated in Fig. 1, the 
mechanism of the ideal automatic controller depicted in 
that figure should possess not less than three control-action 
characteristics and it need not possess more than three. 
Let us imagine a disturbance to have occurred, and proceed 
first with a study of the corrective actions. 

The moment that the indicating pointer deviates from the 
setting-point a distance A = T:—Tc the control instrument 
will initiate three distinct modes of motion of the controlled 
valve (and hence of changes in Qs): 
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fr spite of the editor’s implying that even our first draft 
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Fig. 4. Primary or proportional-speed ‘‘returning’’ action. Mr. 
Ewald’s mechanical forced-oscillation analogue is the restoring 
force. 


First, the primary or returning action will be started 
which MOVES THE VALVE CONTINUOUSLY to oppose the devia- 
tion until the temperature returns to the setting-point. The 
speed of valve travel can be made proportional to the devia- 
tion, or -(dV/dt) = A(T:1-—Tc) =AA as shown in Fig. 4. 
Different slopes of the graph represent different returning 
speeds from the 0 slope along which the valve would not 
move for any deviation of temperature, to the © slope 


along which the valve would run open or closed instantly 
for any deviation at all. This type of action is the funda- 
mental of the three to be described and is the only one 
which will bring the temperature back to the setting-point 
by its own effects. It is commonly known as floating control. 
This action alone is usually too slow for satisfactory process 
control. Variants include returning speeds which are not 
directly proportional to the deviation, and constant return- 
ing speed. The last-mentioned type is fundamentally a 
“hunting control” unless a dead zone is provided. 
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Fig. 5. ‘‘First-derivative’’ or positioning action. Mr. Ewald’s 
mechanical forced-oscillation analogue is the damping. 


Second, the first-derivative or positioning action consists 
in POSITIONING THE VALVE IN PROPORTION TO THE DEVIATION 
to supply more or less steam in order to oppose the devia- 
tion. The position of the valve may be expressed as 


Y= Bt: = Tc) ramen BA 
dA 
or -—— B—. 
dt dt 
The different slopes of the graph represent different per- 
centages of positioning for a given deviation from the 0 
slope, along which the valve will not assume a new position 
for any deviation, to the © slope along which the valve 


opens or closes completely for the smallest deviation. The 
% slope gives us on-off control. Common names for position- 


as shown in Fig. 5, 
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ing control are proportional and throttling control. While 
this mode of control is fast-acting, it is not complete in 
that it merely positions a valve and does not allow for any 
condition changes in the process. As a result, if it is set to 
control at a certain point and the load or supply to the 
process changes, it will continue to position the valve as 
before, but the actual control point [the equilibrium point] 
will not be at the intended place [setting-point]. This con- 
trol deficiency is commonly called droop or load error. 
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Fig. 6. ‘‘Second-derivative’’ or ‘“‘boosting’’ action. Mr. Ewald's 
mechanical forced-oscillation analogue is the inertia. 
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Third, the second-derivative or boosting action consists 
in positioning the valve in proportion to the RATE OF DEVIA- 
TION from or toward the setting-point. The valve position 


may be expressed as -~V—C(dA/dt) 
° ‘ dV d “A 

as shown in Fig. 6 or pices BE AY iaensts 
dt dt? 


Different slopes of the graph represent different percentages 
of positioning for a given rate of deviation, from the 0 
slope along which the rate of deviation has no effect on 
the valve to the © slope along which the least change of 
temperature completely opens or closes the valve. Such 
action, of course, merely supplements the other two to give 
a boost or kick to the process to reduce the effects of sud- 
den load changes. 

It would be possible to include a fourth action to position 
the valve in proportion to the acceleration of the indicating 
pointer away from the setting-point or —V = d’A/dt*, but 
at present such an action would be superfluous and will 
not be considered further. 

The movement of the valve will be dependent on the 


three characteristics of the ideal control mechanism! or: 
dV dA d°-A 
- AA + B— —_— 
dt dt dt? 


This is a complete linear differential equation and its simi- 
larity to that for a simple oscillating system is evident. 
Where dV/dt = 0 the equation is for an oscillating system 
with one degree of freedom. When dV/dt= E sin Kt, the 
equation becomes that of a forced oscillating system. These 
systems are illustrated in Fig. 7. Bearing these facts in 
mind we will continue examining the process to determine if 
it cannot be represented as a forced oscillating system. 

The quantity of steam Qs passing through the valve being 
a linear function of the valve opening V, within operating 
limits and under reasonably steady conditions the output 
temperature 7 will be a linear function of Qs but with a 
number of time lags between the two. These lags are, as 
shown in Fig. 1: 

(a) velocity-distance lag from valve to exchanger; 

(b) supply-side capacity lag of exchanger; 


Studies of Automatic Control.” 
April 1942, pages 247-253 


Peters. “Experimental 
A.S.M.E., Vol. 64, No. 3, 


pages 253-255. 
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Fig. 7. Effect of disturbance on mechanical oscillating systems. 


(c) transfer lag of exchanger; 
(d) demand-side capacity lag of exchanger, and 
(e) velocity-distance lag from exchanger to controller. 


These lags may be added to give one overall process lag, 
under certain conditions as we will see later. [The con- 
troller’s lags are assumed to be negligible.] Any change in 
valve opening will produce a change in 7 but at a later 
time. Moreover, except when extremely slow, the change in 
Tw will probably bear no resemblance to that at V because 
of the capacity of the system unless V is following a sim- 
ple harmonic or sine wave motion, This is true because in 
systems having a capacity lag, any periodic disturbance 
tends to smooth itself out into a sine function. Thus we can 
see that while the velocity-distance lags will transmit any 
change in state but with a time lag, the capacity lags will 
tend to convert any periodic change in state to a simple 
harmonic function. Fig. 8 is an illustration of this effect. 
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Fig. 8. Effects of the five application lags in the Fig. 1 circuit. 
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STRAIGHT FLUTE TAP in 
either Carbon or High Speed 
Steel. Accurately ground 
threads with deep flutes for 
fost precision threading. Fur- 
nished in commercial ground 
or precision ground grades. 


SPIRAL FLUTE TAP used for 
fast cutting of SAE steels. 
Self cleaning and highly effi- 
cient on certain materials. 
Right or left hand flute. 


ACME THREAD TAP cut in 
any length or thread form. 
VARD Acme Tops are always 
furnished to your specified 
tolerances. 


ACME SETS for quick cutting 
of heavy threads in soft ma- 
terial like aluminum. First 
taps progressively shape the 
thread for final tap. 


HEAVY DUTY TAPS of special 
steels and heavy shanks for 
fast cutting. Four to six 
flutes. 


TWO PIECE TAPS with mild 
steel shank and Carbon or 
High-Speed steel cutting 
head. Conserves vital mate- 
rial. Adds strength and 
speeds work os cutters are 
interchangeable on the shank. 
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with these VARD precision taps 


In completely temperature controlled 
departments, equipped with the new- 
est and finest of production machinery, 


we turn out fine, accurate taps. 


VARD Taps are ground by gage makers 
and are tested on gage testing instru- 
ments. We use our Own taps in our 
own production plants making war 


materials. We design for high output. 


Very tew VARD Taps are carried in 
stock. We make taps to order to fit 
your exact need. If you will furnish 
us with your specifications we can give 
you our recommendations and delivery 


dates. 
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© Snap Gages ® Bench Model External 
®@ Lathe Compounds Comparators 


© Thread & Plug Gages © Plain Tapered Ring Gages 























Oscillographic Measurements in 


Spot Welding Research 


By ROBERT A. WYANT 


Assistant Professor, Department of Metallurgy, Welding Laboratory, Rensselaer Polytechnic Institute, Troy, N. Y. 


INCE early in 1938 the Welding 
Laboratory of the Rensselaer Poly- 


technic Institute has been continu- 


ously engaged in research on the spot 
welding of many different metals and 
alloys. Spot welding, in its simplest 


form, consists of clamping two pieces 
of sheet metal between two copper 
electrodes and passing an electric cur- 
rent of sufficient strength through the 
pieces to fuse them together at the spot 
where the current is most concentrated. 


Oscillographic measurements have 
played an important part in this re- 
search and it is the purpose of this 


article to describe some of the appa- 
ratus and techniques employed. Much 
of this equipment and the methods of 
applying it had to be developed to meet 
the particular requirements of the dif- 
ferent projects. For the degree of suc- 
cess achieved, much credit is due to Dr. 
Wendell F. Hess, Head of the Labora- 
tory, and other of his staff 
for their contributions. 


members 


In this research there is employed 
an electromagnetic oscillograph (West- 
inghouse Universal PA type) equipped 
with four standard vertical galvan- 
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ometers and standard horizontal 
galvanometer to provide a timing wave. 
The camera is of the drum type which 
was designed for either loading with 
roll film or exposing a single length 
(14”) of film or paper. The latter meth- 


one 


od is used in this work where it fre- 
quently is necessary to examine one 
record before another is taken. Nor- 


mally this type of camera has to be 
removed from the oscillograph and 
taken to a dark room for loading and 
unloading. To increase the efficiency of 
this process a semi-portable dark room 
(4’' X 4’) is provided near the welding 
machine under investigation. The oscil- 
lograph is mounted on a table adjacent 
to the dark room as shown in Fig. 1. A 
black cloth hood is installed between an 
open window in the dark-room wall and 
the camera to permit loading and un- 
loading of the camera without removing 
it from the oscillograph. Recording pa- 
per (Eastman Grade 697) is purchased 
in 100’ rolls, cut into 14” lengths and 
stored in light-tight cans within the 
dark room. To increase the efficiency 
of processing the exposed paper a tank 
system is employed. The developing and 


fixing solutions are kept in enameled 
tanks, 242” XK 8%” 14” deep, for 
which floating cork covers are provided, 
The oscillograms are suspended in the 
solutions by means of stainless steel 
clips. By this means the solutions last 
longer and the processing can be done 
more rapidly and conveniently than 
when the system of bottles and trays 
is employed. The washing is done in a 
tank which requires that water and 
drain connections be made to the dark 
room. While suitable illumination has 
been provided in the dark room, the 
installation of a ventilator and appa- 
ratus for drying the oscillograms would 
be distinct improvements. 

Most of the oscillograms are taken 
at one of two camera speeds. When it 
is desired to make a complete record 
of a spot weld from the time the elec- 
trodes contact the work to the time 
when they leave the work, a speed of 
about 5” per second is employed. When 
it is desired to investigate phenomena 
which occur only while the welding 
current is flowing, a speed of about 50’ 
per second is frequently used. The cam- 
era is synchronized with the welding 
machine by means of the mechanism 
provided on the camera for that pur- 
pose. This mechanism is so connected 
that it actually trips the welding ma- 
chine at the proper time with respect 
to the rotation of the camera drum. 
While it is true that any inconsistency 
in the speed of operation of the welder 
will upset the synchronization, little 
trouble of this nature has been experi- 
enced in working with standard weld- 
ing machines of different types. 

In all spot-welding operations the 
two most important variables are weld- 
ing current and electrode pressure. Fig. 
2 shows the electrode arms, holders and 
tips of a spot welding machine. To ob- 
tain an oscillographic record of the 
welding current, a shunt is installed in 
the lower electrode holder and _ poten- 
tial connections are provided as shown 
in Fig. 2. The shunt consists of a cylin- 
drical piece of manganin 1” long and 


le 


having the same inside and outside di 
ameters as the electrode holder. It is 
made with threaded bosses on each end 
to facilitate its assembly in the elec 
trode holder. The shunt introduces 4 
resistance of about 20 microhms in the 
secondary circuit which does not seri 
ously affect the performance of the 
welder for experimental purposes. W! 
the shunt is subjected to the same 
water cooling as the rest of the holc 
it does heat up when welds are m 
at a rapid rate. This prohibits its 

manent installation in production we'@ 
ers. The potential connections co! 
of two small steel knife-edge conta 
which are mounted a fixed distarcé 
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Fig. 2. 
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Electrode assembly of spot welder: Eiec- 


Fig. 2. 
tric strain gage in upper electrode holder; Current 
shunt in lower electrode holder. 


apart in an insulated block which is 
seen in the lower part of Fig. 2. Con- 
nections are made between the knife- 
edge contacts and oscillograph by 








means of a coaxial conductor. With this 
equipment alternating currents up to 
about 75,000 amperes have been meas- 
ured. When the potential connections 
are properly made the error due to 
inductive interference is negligible.! 
Equally satisfactory results are ob- 
tained with this apparatus on spot 
welders of the energy-storage type de- 
signed for welding the light alloys. 

To obtain an oscillographic record of 
electrode pressure, an electric strain 
gage is installed in the upper electrode 
holder and connections are provided as 
shown in Fig. 2. This strain gage con- 
sists of four non-inductive windings of 
4 fine (0.001” diam.) resistance wire, 
which are insulated from the holder 
and each other by thin paper and ce- 
ment.2 The windings are so arranged 
that when the electrode holder is sub- 
ected to a compressive force, two wind- 
ngs are subjected to compression and 
the others to tension. The windings in 


(1) W. F. Hess, R. A. Wyant and A. 
Mul ‘The Measurement of Spot-Welding 
-urrent.” Hlectrical Engineering, June 1940, 

ansactions, pages 349-250. 

(2) W. F. Hess and R. A. Wyant, “A 
Method of Studying the Effects of Friction 
ind Inertia in Resistance Welding Ma- 
pines.” Welding Journal, October 1940, 


ch Supplement, pages 433-440. 





tension increase in resistance and those 
in compression decrease in resistance.? 
The windings are connected to form a 
Wheatstone bridge in such a way that 
the change in resistance of each arm, 
due to change in stress in the holder, 
will contribute to the unbalance of the 
bridge. Power is supplied to the bridge 
by means of an audio-frequency oscil- 
lator (1000 e¢.p.s.). The output of the 
bridge is passed through a band pass 
filter and an audio-frequency amplifier 
which is connected to the oscillograph. 
Auxiliary apparatus is provided for 
balancing the bridge at zero electrode 
pressure and for calibrating the cir- 
cuit. The strain gage shown in Fig. 2 
is constructed on a section of electrode 
holder 1%” O.D. copper alloy) which 
has been counterbored to obtain a wall 
thickness of %” for an axial distance 
of about 154”. This was done to in- 
crease the sensitivity of the apparatus 
by concentrating the stress in the wall 
of the holder at the point where the 
strain gages are mounted. This equip- 
ment has been applied to welders oper- 
ating at electrode pressures to 3000 lbs. 


This application of electric strain 
gages of the fine wire type is particu- 
larly interesting because of the fact 
that the gages have to function in the 
intense magnetic field created by the 
welding current. It was for this reason 
that it was necessary to construct spe- 
cial non-inductive gages instead of 
using those commercially available for 
ordinary structural purposes. #4 


(3) A V. DeForest and H. Leaderman, 


“Development of Electric Strain Gages.” 
N.A.C.2 Technical Note No. 744, January 
1940. 

(4) Descriptive Literature on the SR-4 
Series of Electric Strain Gages and Their 


Division, 
Philadel- 
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Works, 
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phia, Pa, 








Some typical oscillograms obtained 
with the above equipment are shown 
in Fig. 3. These particular oscillograms 
were taken on a spot welder of the 
electromagnetic energy-storage type de- 
signed for welding the light alloys. The 
pressure record consists of an envelope 
of the 1000-c.p.s. wave. Other investi- 
gators have developed similar equip- 
ment in which this wave is demodulated 
to give an ordinary trace on the oscil- 
logram.° Oscillograms of this type have 
been extremely useful in studying the 
effects of friction and inertia in resist- 
ance welding machines, variations in 
pressure on the weld during its forma- 
tion, and synchronization of welding 
current with electrode pressure. 

Spot welding is one of the most fun- 
damental of the electric resistance 
welding processes which depend upon 
the Joule effect, H I*RT, for the gen- 
eration of heat. The total resistance in- 
volved in spot welding consists of the 
body resistance of the metal between 
the electrodes plus the sum of the sheet- 
to-sheet and electrode-to-sheet contact 
resistances. All of these resistances 
vary with temperature and, therefore, 
with time while a weld is being made. 
The oscillograph has been an extremely 
useful tool in studying these resistances 
and their variations during the actual 
welding process.*° To accomplish this 
the oscillograph galvanometers are con- 
nected so as to simultaneously record 
the voltage drops across the secondary 

Concluded on page 510 

(5) H. Wolfe and R. W. Powel, “Devic 
for Measuring Tip Force and Current in 
Spot Welding.” Welding Journal, June 1942, 
Research Supplement, pages 293-296. 

(6) W. F. Hess and R. A. Wyant, “Fur- 
ther Studies of the Spot Welding of Low 
Carbon and Stainless Steels.” Welding 
Journal, October 1939, Research Supple- 
ment, pages 340-354. 
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Fig. 3. 


Oscillographic records of electrode pressure, primary current and secondary current in a 


spot welder of the electromagnetic energy-storage type. 
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ELECTRON TUBES 


Their Principles and Their Instrumentation Applications 


By ANDREW W. KRAMER 
Managing Editor, Power Plant Engineering, Chicago, IIl. 


CHAPTER V 
AMPLIFIER APPLICATIONS OF THE TRIODE 


The enormous importance of the thermionic tube in the 
world today is the consequence, not so much of its ability 
to function as an amplifier, as it is of the degree to which 
its amplifying properties can be extended; in other words, 
its sensitivity. The idea of an electrical amplifier was not 
new with the triode. Nearly all relays are amplifiers to some 
extent; practically every magnetically controlled contactor 
is an amplifier. Long before the development of electron 
tubes, the magnetic telegraph relay or “repeater” had func- 
tioned successfully on long telegraph lines. The telegraph 
relay is nothing more than a device to amplify weak tele- 
graph signals at the end of a long circuit so that they can 
operate a sounder requiring a relatively large amount of 
energy. Its principle is exactly that of the magnetic relay 
which was shown in Fig. 20A—a telegraph sounder taking 
the place of the bell, however. 

The success of this method of repeating or amplifying on 
telegraph lines led early telephone engineers to seek a 
similar device that might be used on telephone lines. The 
comparatively weak voice currents involved in wire teleph- 
ony are rapidly attenuated (weakened) in their passage 
over long lines. This attenuation limited telephony to short 
distances. Many forms of amplifiers or repeaters were pro- 
duced but most of them were ineffective. 

The simple idea incorporated in these devices parallels 
that used in the telegraph repeater. Fundamentally, it in- 
volves merely the placing of a microphone contact in opera- 
tive relationship with the diaphragm of a telephone re- 
ceiver, as shown in Fig. 29. It seemed plausible that the 
feeble currents received by the telephone receiver would, 
by virtue of the delicate action of the microphone, be able 


to produce comparatively large variations of current in the 
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Fig. 29. The idea involved in the early telephone repeater is quite 
simple. It consists, essentially, in am arrangement in which the 
diaphragm of a telephone receiver is placed in operative relation 
with a carbon transmitter unit so that the received impulses actuate 
the transmitter directly. 
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Fig. 30. One of the early forms of telephone relays. This is the 
Erdman relay in which the received impulse is made to control an 
otherwise constant flow of air through a chamber covered by a 
flexible diaphragm. The consequent variations in pressure against 
the diaphragm serve to operate the microphone. 
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local microphone circuit and that in this way the amplifie 


voice currents could be sent on to a distant receiving sta-B joc; 


tion. If this scheme could be made to work in one instance, 


there was, of course, no reason why a series of such ele-§y 
’ . 


ments could not be set up to transmit voice currents almost 
any distance. 

As a matter of fact, however, no gain in volume of trans- 
mission was ever commercially effected by this method, 


Many forms were produced, some quite complex and in- 


genious as shown by the one in Fig. 30. In this particular 
version, the receiver diaphragm H operates a balanced 
valve V2 which varies the flow of an otherwise constant 
stream of air flowing through chamber C. The resulting 
changes in pressure are communicated to the transmitter 
button 7 through a flexible diaphragm D. Other types of 
repeaters operated entirely in vacuum. 

Nearly all of these electromagnetic-mechanical repeaters 
could be made to work perfectly on ordinary telephone lines 
but none of them had the ability to transmit speech between 
two distant points any better than, or quite as well as, 
could be done without the use of the relay at all. The 
amount of energy received by the electromagnet of the re- 
lay is so exceedingly small that it cannot be made to pro- 
duce the desired mechanical effect upon the microphone 
contact. 

All this is merely by way of introduction. It has nothing 
to do with electron tubes except to serve as a basis for con- 
parison—to show how marvelously sensitive the electron 
tube is compared to these early attempts to produce tele- 
phone amplifiers: all these early telephone repeaters have 
been consigned to oblivion by the development of a simple 
little tube containing a heated cathode and a few other 
electrodes. The three-electrode tube described in the preced- 
ing chapter gave the telephone engineer a telephone repeater 
so inconceivably sensitive, so astonishing in reliability and 
performance that almost overnight the limits of telephone 
transmission were extended to the farthest corners of the 
earth. Let us consider this specific application of the three- 
electrode tube amplifier, for it is an excellent introduction 
to industrial measurement and control applications. 

To overcome, or rather to compensate for the attenuating 
effect of the resistance or impedance of the line on the cur- 
rent, electron tube amplifiers are placed in the circuit at 
more or less regular intervals. These amplifiers, or repeat- 
ers as they are called, are exactly like the amplifier de- 
scribed in the preceding chapter. The principle of operatio 
is illustrated in Fig. 31 which shows a single repeater in 4 
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Fig. 31. Simple diagram showing the application of the ¢trioc 


amplifier as a telephone relay or ‘‘repeater.’’ Below is shown © 
variation in voice current intensity along the line. 
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one line, and below it a graph of the intensity of the 
ice current along the line. As indicated by the scale at 
ft_ the voice level at the transmitter is assumed to be about 
nits. As this voice current travels over the long line, 
ntensity diminishes steadily with increasing distance 
_ at the input to the repeater station which is located 
e halfway point, it has an intensity of about 0.5 unit, 
mount (it can be assumed) too small for actuating a 
1one receiver. At the repeater station, however, the 
electron-tube amplifier amplifies this weak voice current to 
10 units, to a value even higher than the original output at 
the transmitter. This amplified current, which of course 
preserves every detail of the voice variation, is now sent 
ut over a further stretch of line where again it suffers 
attenuation but arrives at the receiver with an intensity of 
three units, sufficient to actuate the telephone 
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This probably is the most important application of the 
electron-tube amplifier that can be cited. It is used on every 
long telephone line in the world. Fig. 32 shows how the 
voice current is amplified sixteen times in this manner on 
the New York-San Francisco telephone line. The intensity 
of the voice current can be controlled to any desired extent, 
the received current at New York often being greater than 
when it left San Francisco. This is in accord with the law 
of the conservation of energy for, at each repeater station, 
the gain in intensity is effected by the addition of energy 
supplied from local batteries or generators. 

The arithmetic of amplification may be of interest. On the 
San Francisco-Havana line, for example, with the trans- 
mitter delivering 1000 microwatts at San Francisco, the 
power received at Havana at the end of the 5500-mile 
circuit in commercial practice is about 25 microwatts. If 
there were no intermediate amplifiers, and assuming that 
the line could carry unlimited power without burning up, it 
would be necessary, in order to deliver 25 microwatts at 
Havana, that power sufficient to light an ordinary 60-watt 
incandescent lamp be flowing in the circuit at some point in 
North Carolina. At Philadelphia the power in the line would 
be 5 kw. A little east of Denver the line would be carrying 
the equivalent of all the electrical and mechanical power 
generated in the world (enough to light 20 billion electric 
lamps). This is about 1/200,000 of the power which is re- 
ceived by the earth from the sun, yet at Sacramento all of 
this power (200,000 times all the power generated on earth) 





he three- 
roduction 
S. 


enuating 
the cur- 
ircuit at 
r repeat- 
lifier de- 
yperatior 
ater ina 









would have to be flowing in the line to produce 25 micro- 
watts at Havana.* 

So much for the telephone repeater. Our reason for con- 
sidering it in such detail is that it is an extremely impor- 


*H. S. Osborne. “Telephone Transmission 






































tant application of the electron-tube amplifier, one in which 
its capabilities have been demonstrated in thirty years of 
increasing use, and which has led to many applications in 
industrial instrumentation. 


The Grid Draws No Electrons 

It is worth while here to emphasize one point. The supe- 
riority of the electron-tube amplifier over all other forms of 
electrical amplifiers lies in the fact that the grid draws no 
electrons when it is maintained at a proper negative poten- 
tial. The significance of this statement must be fully under- 
stood because it explains the tube’s marvelous sensitivity. 
Although the gird draws no electrons when maintained at a 
negative potential, variations in this negative potential do 
cause variation in the plate current. Hence, it is possible 
for a voltage representing practically no energy to control 
a relatively large space current and to develop a corre- 
sponding quantity of electrical energy in the plate circuit. 
Another great advantage of the electron-tube amplifier is 
its ability to amplify frequencies up to all but the very 
highest used in radio communication, i.e., up to well over a 
hundred million cycles per second. Finally, by using two or 
more tubes in series or “cascade,” almost any degree of am- 
plification can be obtained. 

The action of the triode amplifier has been considered in 
some detail but to show more clearly that the grid draws 
no electrons when maintained at a negative potential, the 
two diagrams, A and B in Fig. 33, have been drawn. These, 
of course, are purely hypothetical but they attempt to show 
the paths of electrons under two different values of nega- 
tive grid potential, ie., -3 volts and —9 volts. At A, which 
shows conditions in the tube at the instant the grid poten- 
tial is, say, —3 volts (with respect to the cathode), nearly 
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Fig. 32. Power levels of the San Francisco-New York long dis- 
tance telephone line, showing the effect of the repeaters. With 
1000 microwatts input at San Francisco, the voice current power 
level drops so slightly under 200 microwatts at Sacramento. Here 
the current is amplified by vacuum tube repeaters to a value of 
over 1000 microwatts. This new high level falls to 70 microwatts 
by the time it reaches Winnemuca where it is again amplified. 
Thus the voice current is amplified successively 15 times before 
it reaches New York City. 








Fig. 33. Two diagrams which attempt to show the effect of varying 
negative potentials on the grid upon the cathode-anode current. 
““A’’ represents an instantaneous picture when the grid potential 
is 3 volts negative. Although the grid repels the electrons, most of 
them get through the grid and reach the plate. At ‘‘B,’’ however, 
where the negative grid potential is 9 volts, the repelling influence 
of the grid is much stronger and few electrons reach the plate. 
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all of the electrons emitted by the cathode reach the plate. 
Their paths are curved because of the repulsive influence 
of the negatively-charged grid wires, but this negative 
charge is not sufficient to prevent them from getting through 
the openings of the grid. 

At B, a different condition prevails. Here, conditions are 
depicted at the instant when the grid potential has swung 
to —9 volts. The repulsive influence of the grid is now much 
greater than it was in the first instance; as a consequence, 
few electrons manage to get through to the plate; most of 
them are turned back towards the cathode. This condition 
represents low plate current. Case A represents high plate 
current. In the diagram, for purposes of illustration, the 
electrons travel relatively long paths before they are turned 
back to the cathode by the grid action. Actually they are 
turned back close to the cathode. 

This action was explained in the preceding chapter but it 
should be noted that in neither of the two cases depicted in 
Fig. 33 do any electrons flow to the grid—the grid repels 
them all. This is the important fact to remember, for, since 
no electrons are captured by the grid, no current flows in 
the grid circuit, and since no current flows in the grid cir- 
cuit, practically no energy is necessary to effect the control 
of the plate current we have described. 

We say no current flows in the grid circuit. From an ab- 
solute standpoint this is not strictly true. If the grid under- 
goes variation in negative potential, there must be some 
surging back and forth of electrons between the ends of 
the “open” grid circuit. This, of course, constitutes a cur- 
rent and requires energy but in practice this energy is so 
small that it is negligible. Indeed, in some electron tubes 
this grid current is expressed not in amperes or milli- 
amperes, but in terms of electrons per second! 

In the FP-54 tube* for example, the sensitivity is so great 
that with suitable circuits a current of 10-18 amperes can 
be measured. In terms of electrons, this current represents 
a flow of approximately six electrons per second! This, of 
course, is unusual but compared to any other form of elec- 
trical device, even the ordinary electron tube used in com- 
mercial applications, is extremely sensitive. It must be clear- 
ly understood, however, that the condition of zero grid cur- 
rent holds only as long as the grid is maintained negative 
with respect to the cathode. The instant the grid becomes 
positive (as it does in some applications) it attracts elec- 
trons and current will flow in the grid circuit. In al] in- 
stances, however, this grid current is extremely small com- 
pared to the anode current. The zrid in all cases (whether 
positive or negative) exercises control over the anode cur- 
rent. 

From the foregoing, it should be clear that the electron- 
tube amplifier is essentially a device for controlling the 
power from a local battery by means of small (infinitesimal) 
voltages applied to the grid. This process of amplification 
is, of course, perfectly consistent with the law of the con- 
servation of energy; it involves no mysterious gain in power 
nor any other process that cannot easily be explained. The 
amplified output of one tube.can be applied to the input 
of a succeeding tube and the amplified output of this tube 
in turn can be applied to still another tube and so on until 
almost any desired degree of amplification is obtained. In 
each stage, as shown in Fig. 34, a local battery or other 
source of power supplies the necessary additional energy. 


Voltage Amplification 


The electron tube can be used as an amplifier to accom- 
plish different purposes; it may be used to amplify voltage, 
or current or power, whichever is necessary. These different 
functions are obtained largely by the design of the load into 
which the tube operates. In the preceding chapter, for ex- 
ample, brief reference was made to the effect of a load re- 
sistance in the plate circuit—that it caused the tube to func- 
tion as a “voltage” amplifier. 


*The FP-54 is a specially-designed high-vacuum electron tube 
in which a special effort has been made to reduce all losses to a 
minimum. 
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Fig. 34. Simplified diagram showing amplifiers connected in cascad 
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Fig. 35. Amplifier circuit showing instruments to measure currents 
and voltages at various points. 


A specific example may explain this more effectively. I: 
the circuit shown in Fig. 35, which is a conventional am. 
plifier circuit with instruments included to measure voltage 
and current at required points, a load resistance of 60,00 
ohms is included in the plate circuit. Assuming a plate cur. 
rent of, say, 1.5 milliamperes, the voltage drop across this 
resistance is given by Ohm’s Law: 


Ex=I, X Rp 
= 0.0015 X 60,000 
= 90 volts. 


Since there is a drop of 90 volts across the resistance 
R, and since the battery voltage is 180, it is evident that the 
voltage E, across the plate-cathode is EF,» — Ex or 180 — 9% 
= 90 volts. 

Suppose, now, that as a result of varying the grid volt- 
age 1 volt the plate current becomes 2 milliamperes. The 
corresponding voltage drop across the resistance FR, nov 
becomes 0.002 X 60,000 = 120 volts, a change of 30 volts. 
Since a change of 1 volt in the grid circuit thus produces 
a change of 30 volts in the plate circuit, we have an actual 
voltage amplification of 30. 

With the same current and voltage conditions, if the re 
sistance R, had been made 80,000 ohms instead of 60,000, 
the voltage change would have been 40 volts. Thus it ap- 
pears that the greater the load resistance the greater the 
amount of voltage amplification. With infinite resistance 
the voltage amplification would be a maximum, but, of 
course, it is impossible to obtain this condition. In practice, 
as the resistance is increased the potential drop across it is 
so great that in order to impress a sufficiently high poten 
tial between the plate and the filament of the tube, and t 
obtain appreciable current, it is necessary to use an extra: 
ordinarily high battery voltage, which is generally unde 
sirable in practice and frequently difficult to obtain. Accoré- 
ingly, other methods are used but these will not be 
discussed at present. Of importance here is the fact that the 
function which the tube fulfills is determined by the resis 
tance of the load circuit. In general, when a tube is require 
to amplify voltage, it works into a high-resistance load 

When current is to be amplified, as might be expected 
the tube works into a low resistance. Similarly, a powe! 
amplifier requires a medium load resistance, usually on the 
order of a few thousand ohms. 

These separate functions of the thermionic tube wi!! b 
considered in detail in subsequent chapters. 

To be continues 
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IN 1935 


Wheelco is EIGHT YEARS AHEAD of its 
industry in the application of Electronics. 
In 1935—Wheelco originated the “Elec- 
tronic Principle” of temperature control. 
The “Electronic Principle” Control Sys- 
tem revolutionized temperature control 
instrumentation and continues to provide 
a standard of control that is closer, faster 
and more accurate than possible with any 
other principle. 


The “Electronic Principle” is an all elec- 
tric, high frequency control system that 
effects instantaneous and complete control. 
The design simplicity of this system elim- 





inates the faults inherent in all mechanical 
type controllers, which employ intermit- 
tent contact type mechanisms. Faster and 
more accurate control is made possible by 
the instantaneous action and freedom from 
all interlocking between the indicating and 
control sections. 


Wheelco “Electronic Principle” Control- 
lers have unlimited application for measur- 
ing—recording or indicating—and control- 
ling temperatures. They are available with 
Proportioning Control or Program Control. 


Wheelco will continue to perform elec- 
tronic miracles—years ahead of the times. 


Request Bulletin No. Z-6200 for complete information 
on this revolutionary principle and its applications. 








Wheeles Instruments Go. 


833 W. HARRISON STREET CHICAGO (7), ILLINOIS 


Originator of "Electronic Principle” Temperature Controls 
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NO STUFFING BOX! NO INTERNAL PIVOTS! 


No friction or wear—no lubrication required in this new Taylor 
Level-Buoy. Level measurement is carried from the float through 
a torque tube—to a Taylor Fulscope Controller which gives you 
not only control but direct indication! Torque tube and tension 
spring are both readily accessible as shown by photo at right. 


* KEEP ON BUYING U. S. WAR BONDS AND 
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E think you'll agree with our engineers that this 
new Taylor Level-Buoy is the last word in liquid 
level controllers. 
It gives you accurate direct indication as well as control 
of level changes. Plus all the advantages of the famous 
Taylor Fulscope Controller. 
Read these features—then ask your Taylor Field En- 
gineer for the full story: 
1, Smooth, Throttling Control under the severest operat- 
ing conditions as a result of Completely Adjustable 
Sensitivity (throttling range). 
2. “Averaging” Liquid Level Control with minimum 
disturbances to process. Fully adjustable Automatic 
Reset restores level to optimum value. 
3. No Stuffing Box—no pressure type bearings—meas- 
urement is transmitted through a torque tube. A sealed 
system mever requiring lubrication or packing. 
4. No Internal Pivots to cause friction or wear. 
5. Level Indication is mechanical and independent of 
controller air supply. 
6. Available as a Remote Pneumatic Transmitter to re- 
ceiving indicators, recorders and/or controllers at a 
distant point. 
7. Handles Liquids with specific gravities between 
.2 and 2.0. 
8. Numerous Standard Ranges —14”, 32”. 60”, 72”, 
or 120”, 


NEWS FLASH! As this announcement goes to press, 
Taylor Instrument Companies have just been awarded the 
Army-Navy “E”. We’re proud of 
this achievement—but sorry if our 
expanding war contracts may have 





ney delayed shipment of instruments 
\ you need in the war effort. 


NEW! The Taylor 


LEVEL BUOY 


A BUOYANCY-TYPE INDICATING LEVEL 
CONTROLLER WITH NO STUFFING BOX! 








9. Readily Adjustable to Changes in Specific Gravity. A 
convenient adjustment compensates for normal varia- 
tions in sp.gr. Greater variations accommodated by 
changing torque tube and/or torsion spring —without 
removing instrument. 


10. Torque Tubes Interchangeable with those used in 
Taylor’s new Aneroid Manometers—a real advantage 
to large users of instruments. 


11. All Welded construction. Stainless steel liberally 
used. 


12. Three-Position Alarm Devices available at slight 
additional cost. Suitable for hazardous applications. 


If you make high octane gasoline, toluene, butadiene, 
styrene, or any other liquid where level measurement 
or control is a problem, find out about this new Taylor 
Level-Buoy at once! Taylor Instrument Companies, 
Rochester, N. Y., and Toronto, Canada. Instruments 
for indicating, recording, and controlling temperature, 
pressure, humidity, flow, and liquid level. 
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4% hundreds of control towers Puarding 


Here's all Aircraft Instrument America’s forty thousand miles of Skyw: i 


Kollsman altimeters are vital ‘“‘referenc 
points” for planes in flight. Pilots radio these 


that never leaves the round towers for ‘the Kollsman’’—the barometri: 


pressure setting shown by the station al. 














timeter. The pilot's own Kollsman altimeter 
is then set to correspond—a procedure vital t 
maintaining airway traffic flight levels, and 
in making safe landings. The first commer-f 
cial sensitive altimeters were products of 
Kollsman research—20 times more sensitive 
than then existing types. Since then—on the 
ground and in the air—they have become the 
standard of safety and reliability in the opera- 


tion of American aircraft. 











Serr? 


WHAT TOMORROW'S AIR TRAFFIC PROBLEMS «:) 
be we do not yet know. But we do know that instri- 
ments will play a large part in their solution and 
in expanding the scope and usefulness of the a 
plane far beyond anything we know today. Kolli- 
man engineers are constantly developing new ani 
better aircraft instruments which will help wid 
and extend tomorrow's skyways. 


THE KOLLSMAN 50,000 FT. SENSITIVE ALTIMETER és 50 in- 
geniously geared that a diaphragm expansion of only three- 
Sixteentips of an incl sends the pointer around the dial 50 


times! Capable of measuring altitude to within but a few AIRCRAFT 
feet, 7ts essential parts iV¢ pnts) ed tou ithin two fe n-thou- INSTRUMENTS 





PRODUCT OF 


SQUARE Jj COMPANY 


ELMHURST, NEW YORK . GLENDALE, CALIFORNIA 
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Editorial by RAY J. STEPHAN, Guest Editor 


Administrator, Pioneer Instrument Service School, Philadelphia, Pa. 


' ) YE have heard a great deal about the training of 

trainees, the educating of students and the upgrad- 

ing of employees, but how about instructing instruc- 

tors and instilling qualities of leadership into our leaders, 

both instructors and foremen? Not that instructors and 

foremen are not doing a splendid job in many instances. 

But there is a “span” in many an instructor’s and fore- 

man’s required range of abilities that is often overlooked 
or neglected by the individual concerned. 

Let’s divide the leader’s re- 
sponsibility to his men into two 
very broad, arbitrary categor- 
ies: 1. His ability to DO some- 
thing: his trade or skill; 2. His 
ability or capacity to BE some- 
body: his set of personal habits 
or characteristics. 

It remains, in my opinion, one 
of the great paradoxes of our a 
day and age that our schools 
stress technical data with utter 
abandon, which is, in itself, a 
fine thing. But, where is the 
stress on the other important 
aspect of the complete leader? 

I would raise the question, 
“Isn’t there more to the job of 
leadership, foreman or instruc- 
tor, than merely the imparting 
of a skill?” Isn’t the question 
of attitude of possibly equal im- 
portance? Doesn’t leadership or 
instruction make gains as much 
by “inspiration” as by “per- 
spiration”? And doesn’t “inspir- 
ation” hinge on the development 
of the leader as a person, the 
respect he commands and the 
example he sets in other aspects 
of the job aside from the actual 
“work” involved? 

It would be interesting to have a poll taken by students 
and employees in, say, just the instrument schools and 
shops throughout the country, and see just how we leaders 
stand. Some of the more important questions which could 
be part of the poll would read something like this: 


establish 


instruments. 


MY FOREMAN OR INSTRUCTOR— 


1. Is he enthusiastic? Or, is he always flat and blasé or, 
even worse, “neutral” ? 

2. Is he pleasant yet sincere? Or, is he a hand-shaker 
lacking in sincerity? 


3. Is he dependable: when he says he’ll do something 
does he do it? Or, does he give a reason for not having 
done it? 

4. When troubles brew does he put himself in my boots 
and look at it from my point of view? Or, does he only have 
his “own” viewpoints? 

5. Does he deal with me with consistency? Or, does his 
treatment of me vary widely with how he feels? 

6. Does he deal impartially with me and my fellows? 

Or does he play favorites? 


Born Sept. 27, 1909, at Ala- 7. Does he notice the little im- 





meda, Calif., Stephan lived in 
Chicago from 1914 to 1926, 
when he returned to Califor- 
nia and became actively inter- 
ested in aviation. First he took 
lessons in flying, then scien- 
tifically studied the building 
of model aircraft. He devel- 
oped quite a business; he 
built and sold some 400 scale 
models of all sizes and types, 
over a period of 5 years. In 
1932 he used his profits to 
take the Master Mechanic 
course at the Boeing School 
of Aeronautics. He graduated 


provements I make so lovingly, 
the little primpings? Or, does 
he just look past these little 
details” and see only the “big, 
important” things. 

8. Does he praise work well 
done? Or, does he only give me 
hell when things go wrong and 
well-done 


“é 


ignore occasicnal 
task? 

9. Does he inspire my confi- 
dence? Or, do I often have to 
ask myself: “Is this a man or a 


my 





United Airlines at Cheyenne, Wyoming, where work was accom- 
plished on both the old and the new ships. The Boeing 40’s and 
80 A’s were on their way out and the good old Boeing 247’s on 
their way in. After about 1! years on aircraft instrument sery- 
ice, he was transferred to the U.A.L. Instrument Repair Shop 
One year later, in 1935, he was transferred to Boeing School to 
a new Instrument Shop and Laboratory course. He 
spent seven years at the Boeing School, developing their Instru- 
ment Department. A few months after Pearl Harbor it became 
necessary to close commercial operations at Boeing School. In 
August 1942 Stephan was employed by the Pioneer Division of 
the Bendix Aviation Corp. for the purpose of establishing an 
aircraft instrument Service School. At present, this school is 
concerned almost entirely with training Army, Navy and Ma- 
rine personnel in both the servicing and the repair of aircraft he 


in 1933 as the school’s first 
major in aircraft instruments ; 
and took a position as an in- 
strument service mechanic with 


tool of a sinister clique?” 

10. When a really important 
issue is at stake, does he fight 
for me? Or, does he soft-pedal 
the issue and leave me holding 
the bag? 

11. Is he frank and straight- 
forward in his dealings? Or, 
does he say one thing and mean 
the opposite? Does he tell me 
one thing and the superintend- 
ent another thing? 

12. Is he pretty well organ- 
ized most of the time? Or, does 
remind me generally of a 

spoiled young person — here, 
there, everywhere? 

13. If given a free choice in the matter, would I choose 
to work under this man, my instructor or foreman? Or, 
would I take another most readily and say, “Thank God’? 

The above are just popular everyday topics discussed 
amongst students and employees everywhere and I wonder 
if it wouldn’t help—vreally help—the War Effort just about 
as much as our learning of a new overhaul procedure or 
some new shop wrinkle, if we were to start to work on some 
of these very things. 

I wonder if it wouldn’t be just about as big a thing as we 
could do both toward getting the War over sooner and keep- 


487 

















ing the Peace longer if we who are supposed to be leaders 


would start right in on doing some genuine, intelligent 
leading. 
For a parting thought along this line, what do you 


think of the following excerpt taken from “Arrows and 
Driftwood’’?: 


“To live in the temper and spirit of a learner, oper 
minded, unwarped in judgment, free as far as light permit: 
from delusions, eager to explore and inquire, quick to giv« 
up a confuted idea and so gain a higher outlook, striving 
steadily to improve and to grow—these are the watchword 
of the intellectual life.” 


A Note of Appreciation to Instrument Men 


By Captain ORVAL M. KLOSE, Army Air Force 


Director of Ground Training, 20th Ferrying Group, Nashville, Tenn. 


that I could say that would add anything to the 

technical knowledge of that fraternity of quiet, 
competent and precise specialists whom we know as “in- 
strument men” and to whom we run whenever some of the 
super-gadgets that do our thinking for us have nervous 
breakdowns. However, as one who during recent years has 
had ample opportunity to appreciate the part played by 
instruments in making possible the regular, efficient and 
safe operation of aircraft over long distances in all kinds 
of weather and in all parts of the world, I welcome this 
opportunity to pay my respects to the men to whose in- 
ventiveness, ingenuity and workmanship I and many others 
are truly indebted for the safety of our lives and the suc- 
cess of the missions entrusted to us. 


N*“ being an instrument man myself, there is little 


As a ferrying navigator, I have flown over 250,000 miles 
during the past year and a half (that’s farther than from 
here to the moon) and with every hop—many of which 
were over two thousand miles in length — over oceans, 
jungles and deserts, my respect for instruments and the 
men who make them and keep them ticking has increased. 


It is hardly necessary to point out that if compasses, 
airspeed indicators, altimeters, turn-and-bank indicators, 
directional gyros, vertical speed indicators, direction-finding 
radio devices and the like were removed from aircraft, a 
pilot would be forced back to the technique of “flying by 
the seat of his pants.” While this admirable but primitive 
instrument is an aid not to be dismissed lightly and may 
even be considered as a prime qualification for a good pilot, 
it is still notably inadequate under sustained circumstances 
of reduced visibility, extreme turbulence and allied condi- 
tions. It is in weather such as this that the more precise, if 
comparatively artificial, instruments become indispensable. 
The fact that the term “instrument weather” has become 
standard in referring to the worst type of weather condi- 
tions for flying is itself an indication of the part played 
by instruments in modern air operations. 

Of course, not all aircraft instruments are new and 
novel, although the reliability and accuracy of the service 
performed by even the most commonplace is a never-failing 
source of intrigue and—I may say, heartfelt gratification— 
to those who depend on them to bring them home from 
across one or two thousand miles of water or wilderness. 


The magnetic compass, for instance, is almost as old as 
the hills around which it guides us. However, to one who 
has crossed a few thousand miles of cold wet ocean with 
one of these little handfuls of magnets as his principal 
guide, it is still a magnificent and awesome object and the 
flying man experiences a new respect for the puttering 
Chinese instrument experimentalist who, several centuries 
ago, “wasted good time” developing this curious gadget 
which would sometimes guide through the sky flying ma- 
chines that neither he nor anyone else had ever seen or even 
dreamed of. 

The aneroid altimeter is another instrument that is 
neither new nor strange. Developed first as a barometer, 
it grew into a measurer of altitudes merely through the 
process of having the list of air-pressures on its face 

Captain Klose is a former instructor at Boeing school 
covering mathematics and navigation. He flew with Pan- 
American air ferries for over a year. —R.J.S. 
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replaced by one of the corresponding heights above sea- 
level in the earth’s atmosphere. Of course, it has been doc- 
tored up with an adjusting knob which, when properly 
set, automatically compensates for any existing abnormal 
atmospheric pressure conditions but then, it is still essen- 
tially the same old gadget. However, to the navigator or 
pilot who knows that that ten-thousand-foot rock is a half- 
mile below him rather than possibly the same distance dead 
ahead, and who knows he can trust the altimeter that tells 
him so, it is a mighty fine little gadget. 

Of course, there are numerous other gages and indi- 
cators and the like that were household commonplaces before 
the flying machine was built and were merely streamlined 
and dressed up a little before being adapted to aeronautical 
usage, but in addition to these standard articles there is 
quite a galaxy of new and unique instruments that have 
been developed in the past two or three decades solely in 
response to the needs and demands of the expanding trans- 
port industry. It is in this latter field that the resource- 
fulness and ingenuity of instrument men have had most 
opportunity for expression and it is here that they have 
made their most remarkable showing. 

One of the most remarkable, as well as the most valuable, 
of modern aircraft instruments is the radio direction-finder, 
the instrument which enables a pilot or aerial navigator to 
determine his direction from any radio station which he 
can tune in on his receiving equipment. Using the more 
primitive form of this instrument, known as a “radio 
compass,” a pilot can point his plane toward a radio station 
at his destination and keep it pointed that way until he 
arrives there. For a pilot flying through a solid overcast 
with no ground visible, or across a stretch of open water, 
this is a comforting arrangement. 

Of course, this sort of thing was the answer to the most 
pressing problem of pilots who had occasion to fly “blind” 
at certain times. There had been a spontaneous and con- 
tinuous yearning for such an invention ever since the first 
pilot got himself lost at night or in a fog or over unfa- 
miliar country. It merely remained for someone who had 
noticed that an antenna in the form of a circular loop 
received radio waves better from some directions than from 
others to tie certain ideas together along with certain 
wires and gadgets and the pilot’s prayer was answered. 
Now, no matter how badly he gets himself lost, he can 
always get home just by turning on his radio. Thus devel- 
oped the radio compass and “homing.” 

It did not take pilots long, however, to ask for some- 
thing else. They could always tell whether or not they 
were headed for home, but they wanted to know also how 
far away from home they were. So, the instrument man 
put their antenna loops on a swivel and hooked them up 
with a crank so the pilots could rotate the loops in any 
direction during the flight. With this arrangement a pilot 
could not only tell when he was headed toward a particular 
station but he could also find his direction from any station 
in the vicinity and, with this knowledge, he could deduce 
his exact position, even though he might be flying through 
a solid cloud, in the middle of a dark night, over country 
he had never seen before. Not bad. 

No, that wasn’t bad at all. But, if you know pilots, it 
will be no revelation to you that they are never satisfied, 
no matter how much labor-saving and worry-saving equ')- 
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SEALS FOR SHAFTS... 





1/16 inch to 16 inches in Diameter 


Wherever a rotating shaft must be sealed gas- or 
liquid-tight, as in refrigerator compressors, air com- 
pressors, pumps, washing machines, hydraulic trans- 
missions, etc., Sylphon Shaft Seals are standard equip- 
ment with many manufacturers. 





























Specially-engineered for each individual seal applica- 
tion, Sylphon Seals are available in almost any size as 
illustrated by the two extremes pictured--one for a 
tiny '‘Ae-inch instrument shaft, the other sealing a giant 
16-inch diameter shaft for a secret military application. 


How about pressures ? Sy\phon Seals are finely machined 
and carefully balanced to afford a perfect seal against 
any pressure up to hundreds of pounds, with the 
minimum of friction. 


How about shaft speeds ? Sy\phon Seals are most gener- 
ally used for shaft speeds up to 400 RPM but have 
been successfully used on much higher speeds. 


The bellows is the secret of success. The famous Syiphon 
Seamless Metal Bellows made Sylphon Shaft Seals 
possible—is responsible for the dependable, trouble- 
free, long life of Sylphon Seals on the job. 


What are your shaft sealing problems? Our engineers 
who have specialized in this subject for many years 
offer you their accumulated experience to help you 
solve them. Write for Bulletin PX 825. 






THE ~ FULTON SYLPHON co. 


KNOXVILLE, TENNESSEE 
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For Control of 
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Widest Range of 
Sizes for Every 
Rheostat Need 


Today’s critical service require- 
ments further emphasize the basically 


O| (> ; sound design of Ohmite Rheostats. 
8 \ Their many time-proved features 





For Contro/ of 
lectronic Tubes 








provide permanently smooth, close 
control in countless applications. 

For Control of 
Instruments and 
Test Apparatus 


There are ten wattage sizes 

ranging from 25 to 1000 watts—from 
1 9/16” diam. to 12” diam.—in 
Straight or tapered winding—in single 
or tandem units—in regular or special 
designs to provide the exact unit for 
each application. Units produced 

to Government specifications. Ohmite 
engineers are glad to assist 

you on any rheostat problem. 


























OHMITE MANUFACTURING CO. 
4887 Flournoy St. * Chicago, U. S. A. 







Write on company 
letterhead for Catalog 

and Engineering 
Manual No. 40. 
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ment they have with them in the cockpit. I can imagine a 
conversation that must have been typical between pilots 
and instrument shop men about the time that direction- 
finders began to be common in airplanes. “Well—it’s 
right, but why should we have to sit up there and turn 
that crank around every time we want a bearing? Why 
can’t you fix up something so we can just tune in the sta 
tion and have the indicator point to the station?” Whe) 
upon the instrument man, instead of telling him what you 
or I would have told him, went back to his shop, spent a 
week or two with his gadgets and emerged with the auto- 
matic direction finder—one that actually points toward any 
radio station to which its reeciver is tuned, and keeps 
pointing toward it as long as you like. You couldn’t ask 
for much more than that. 

When a young navigator who recently made his first trip 
across the Atlantic stepped out of the plane in Africa and 
was asked concerning his impressions of the trip, he deliv- 
ered himself first of a huge sigh of relief and then of the 
brief but expressive comment: “Thank God for radio!” 

During the early days of flying, pilots were also making 
demands for instruments to give them other types of infor- 
mation. For instance, after having been upside-down a 
couple of times when they thought they were right-side-up, 
and vice-versa, they began to ask for an instrument that 
would tell them which way was up. So they asked for, and 
got, the turn-and-bank indicator which aided them in main- 
taining an airplane in level flight and enabled them to be 
aware of, and to control, the turning and banking move- 
ments of the plane even though they might be in a dense 
fog, entirely out of sight of the ground, sky and every- 
thing else and even dizzy at the time. 

They also got the directional gyro and the gyro horizon 
which further aided them in maintaining straight and level 
flight. 

But, you know pilots. It wasn’t enough that their instru- 
ments told them where and how to fly; it was only a matter 
of time until they reached the inevitable conclusion that 
the instruments should do the flying for them. “Why should 
we sit up there and wrestle with the so-and-so for hours 
and hours? Why can’t you fix it up with some gyros and 
things so it flies itself?” So the instrument man did, and 
now we have the automatic pilot—a little box about so 
big, full of gadgets and things, which occupies the center 
of the instrument panel. The pilot now takes his ship off, 
straightens out on the appropriate heading, climbs to cruis- 
ing altitude, turns the automatic pilot on and lets “George” 
do it, and then—well, what else would you expect?—he 
goes to sleep. 

Probably we have not seen the end yet. Pilots, no doubt, 
even now, are conditioning themselves to the view that all 
takeoffs, climbs, maneuvers, descents, landings and even 
taxiing should be done by fully automatic instruments. 
And I have no doubt that as soon as they are confronted 
with the specifications, the instrument man will produce 
and deliver. 

If a pilot were to walk into an instrument shop with a 
straight face and demand a space-compass, space-speed 
indicator and instantaneous three-dimensional position indi- 
cator for a contemplated space-ship trip to the moon, I 
should fully expect to see the instruments delivered within 
a month—complete with instructions for installation, use 
and maintenance. 

While I may seem to have treated pilots and instrument 
men as in two distinct categories, I have not meant to 
imply that they are mutually exclusive or immiscible 
groups. There are pilots who are themselves instrument 
men—and good ones too—and vice-versa. One not infre- 
quently meets old timers, both in the air and in the shops, 
who learned to fly in planes they built themselves and 
who helped to pioneer the development of some of the sev- 
eral dozen “clocks” that are now arrayed across their 
instrument panels. 

Perhaps it is well that this versatility exists, for with 
the rapid automatization of all phases of flying there may 
be little need fcr pilots in the future. There will always 
be plenty of work for instrument men. 
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alin's Spring Steel Music Wire 


(Useful information seldom available) 








Ft. Ft. 
Vo. Diam. per lb. No. Diam. per lb. 
0000 .003 39000 24 .055 124 
000 .004 23433 25 .059 108 
100 .005 14997 26 .063 94 
10 006 10415 27 .067 83 
) 007 7652 28 071 74 
.008 5858 29 .075 68 
009 4629 30 .080 58 
.010 3749 31 O83 54 
011 2936 32 O86 51 
.012 2604 33 091 46 
.013 2218 34 094 43 
.014 1913 35 A988 ) 
.016 1465 36 102 6 
f .018 1157 37 106 { 
8 .020 937 38 .110 32 
022 775 39 .114 29 
.024 651 40 118 27 
11 026 560 Inch 
9 .029 447 \% 125 24 
} 031 391 % 4 .140 20 
.033 344 2 .156 16 
.035 305 11/54 172 12 
16 .037 274 He 187 10 
17 .039 247 1364 .203 9 
' 18 041 223 Tho .218 s 
i 19 .043 2903 Ls 4 234 6 %4 
A 20 045 185 V4, .250 5% 
Bs 21 .047 i70 %o .281 434, 
B99 .049 156 Ble 3125 { 
f 93 051 144 8 375 22 











Soldering Electrical Aircraft 


Instruments 
By J. J. SCHILLER 


Instructor, Electrical Instruments, Pioneer Service School, 
Philadelphia, Pa. 


N many instrument repair shops the soldering done on 

electrical aircraft instruments is a topic of frequent dis- 

cussion. Unfortunately, the discussion usually settle down 
to a strictly pro and con basis with none of the participants 
being convinced of the others arguments. 

In my opinion there is no argument. There is a right way 
and a wrong way to solder and it is up to us as mechanics 
in a chosen craft to do the job correctly. This is esepcially 
so considering the fact that some pilots life may depend 
upon the perfection of our handiwork. 

Let us consider just what we are trying to achieve. In 
soldering electrical aircraft instruments we desire a tight 
clean joint, with no corrosive residue to harm delicate wir- 
ing and insulation. We desire a joint that will provide no 


fcause for voltage leakage or increase in resistance due to 


oxidation of the contact points. 
There is one and only one method of achieving this goal 


fof a perfectly soldered joint and that is by the intelligent 


use of our soldering iron, by using a virgin metal solder 

of good quality and by using rosin as our fluxing agent. 
Let us go back to our statement that we desire a tight 

and clean electrical connection. Any connection that de- 


Fpends upon a strictly mechanical bond is sure to work loose 


in time. The constant vibration of the mechanism or the 
contraction and expansion of the metals due to temperature 
changes will surely work loose any mechanical contact. This 
is both dangerous and annoying in the case of electrical 
connections—dangerous because of mechanism failure and 
fire hazard and annoying because of the time involved and 
trouble encountered in finding loose connections and resto- 
ration of continuity. Then too, oxidation of the contacting 
parts presents a serious hazard to good electrical contact. 
No matter how tight we secure our terminals, oxygen will 
penetrate and oxidize the surfaces, setting up a resistance 
that is detrimental to accurate operation. 

How then are we to surmount these difficulties? Let us 


THE STANDARD ELECTRIC TIME CO. 
Aunounee” 


CHRONOTACHOMETER 





TYPE SG come 


for ACCURATELY MEASURING SPEED 
and INTEGRATING REVOLUTIONS « 


for Determination of 
FUEL CONSUMPTION 
OIL CIRCULATION 
DEVELOPED HORSEPOWER 
of Aircraft and other Engines 


AN ELECTRIC DRIVE is the improved feature of this instru- 
ment: ~ 

A 3-PHASE GENERATOR mounts conveniently to the 
engine tachometer takeoff and provides positive indication for 
either direction of rotation. 

A 3-CONDUCTOR CABLE is furnished between the gen 
erator and two 3-PHASE RECEIVING MOTORS in the chrono- 
tachometer running in synchronism with the generator. 

ONE RECEIVING MOTOR drives the tachometer unit. 

ONE RECEIVING MOTOR drives the revolution counter 
unit. 

BOTH TIMER AND REVOLUTION COUNTER are our 
standard clutch-controlled movements and operate by the same 
control circuit. 

NO FLEXIBLE SHAFT is required. 

THE TACHOMETER has a SCALE-LENGTH of 30.25” 
full scale and is a flight instrument manufactured by General 
Electric Co. (their No. DJ-13). Location of tachometer, revolu- 
tion counter and timer movements is not restricted and since 
there is no mechanical connection between them, any one of the 
three may be mounted on a panel remote from the others. 


ACCURACY IS: 

TIMER to within .001 minutes per test run. 

REVOLUTION COUNTER to within 14 revolution per test run. 

TACHOMETER to within 10 RPM throughout the scale range. 

Thus extreme accuracy of speed measurement may be obtained 

by prolonged integration of time and revolutions. 
AUTOMATIC 1/10th minute integration (RAPID SPEED 

CHECK) is included on this and all other types of chrono- 

tachometers. 





Address Dept, I-8 
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Service Stripes, too... 


We at SOMCO are 100% on vital war work. All our 
efforts, all our production facilities are devoted to win- 


ning the war. 


In war, as in peace, SOMCO leadership is asserting itself 
through applied research. When Victory has been won, 
the optical industry will benefit by all the war has taught 
the SOMCO organization. New inventions, new ideas in 
lenses, prisms and optical flats will unfold new wonders 


for better living in the days to come. 


Now, as always, we welcome your inquiries as 
present problems or future plans. Our re- 
search, engineering and production facilities 
are always at your service. 

The Army-Navy Production ‘“E”’ bas 
been awarded to SOMCO in recogni- 
tion of quality optical equipment, in 
quantity, on time. Last-minute flash: 


a star bas been awarded for the Army- 
Navy “'E’’ pennant. 


SIMPSON OPTICAL MANUFACTURING CO. 
CHICAGO, ILLINOIS 





LEADERSHIP THROUGH APPLIED RESEARCH 
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suggest a few good rules that we have found from experi- 
ence and from the recommendations of solder and fiyx 
manufacturers. 


1. Make a 
Solder Bond! 

There are occasions where a mechanical connection is ny; 
feasible or practical. Under these circumstances, we] 
cleaned contact points, correctly tinned, will solder with a 
lasting bond that proves satisfactory. However, in mos 
cases a firm mechanical bond is possible and solder wil 
seal the joint against the dangers of oxidation and loos, 
connections. 

2. Use Only Rosin Flux. 

Flux is a subject that causes most discussion and much 
can be said concerning the merits and qualities of acid 
core, “non-corrosive” pastes and waxes, both good and bad. 
We will adhere most strictly to our claim that only Rosin 
is to be used in electrical instrument soldering and we de- 
fend our position with some well established facts and 
examples. 


Good Mechanical Connection First, They 


t 


Solder fluxes can be divided into two general categories: 
(a) corrosive; (b) non-corrosive. 

In the first category belong all acid fluxes, dilute chloride 
of zinc, sal ammoniac, solution of magnesium, calcium and 
certain other metals. 


In the second category belongs only Rosin, despite vari- 
ous claims of flux manufacturers to the contrary. 


The purpose of a flux is to dissolve any oxide that covers 
the surfaces to be soldered so that the molten solder can 
unite itself with the metal surface and prevent any further 
oxidation. 

Acid fluxes eat away the oxidation, it is true, but they 
eat away the metal contacts and the soldering tip and have 
a harmful after-effect on insulation. 

Acid fluxes have a great affinity for moisture, and long 
after the soldering job is completed the delicate wiring and 
insulation will rot and corrode away and dielectric losses 
will occur over all the area adjacent to the soldering joint. 

Some fluxes are composed of weak acids in a grease or 
wax medium, with the idea that the grease or wax will pre- 
vent corrosive action. This too is a fallacy that should be 
well realized. The corrosive action is strictly chemical and 
no amount of grease will cover it up. The grease only ac- 
cumulates dust and grit and upon the application of a hot 
iron will spread through insulation and cause a gradual 
rotting away of its important protection. 

Consider the fate of a delicate instrument bearing or 
rocking shaft pivot that has become accidently smeared 
with an acid flux from an untidy workbench! Or the finely 
insulated wiring of a voltmeter-type tachometer that has 
been supposedly scrubbed of its acid fluxing agent by a 
solvent that merely spread the havoc over a greater area! 

Having made various experiments by smearing so-called 
“non-corrosive” fluxes over polished specimens of steel and 
copper, we found that after a period of a few weeks only 
the rosin flux specimen was not discolored or corroded. 

Granted that acid fluxes do a faster job of cleaning the 
work and are easier to use, but would we rather do a good, 
clean, safe job of soldering now with fewer complaints and 
less trouble-shooting later? I think we would. 


8. Use a Good Grade of Solder. 

Solders can be of various percentage compositions and 
have different characteristics. We shall be concerned with 
only those solders that are acceptable for our specific pur 
pose. 

Solder is composed of tin and lead in various percentages. 

A high tin content makes a solder brittle and crystalline. 
You can check your solder by bending it sharply and noting 
the surface at the bend. If fine cracks develop, they ar 
an indication of a high tin content. If the solder | nds 
easily, is ductile and has low tensile strength, it has a high 
lead content. 

The solders most commonly used for our work contain 
a mixture of 40-60, 45-55, 50-50 and 60-40, the first per 
centage figure indidcating the tin content. 
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solder containing 63% tin and 37% lead will have no 
plastic stage between solid and liquid. In other words, as 
as the temperature reaches 358°F., the solder will im- 
iately change from solid to liquid form. When we change 
er of the percentages we will then experience a plastic 
mushy stage in the transfer from the solid to the liquid 
te. This is a positive means of indicating that our solder- 
iron is not delivering enough heat to the work. 
it is important that the solder used is manufactured by 
a reputable firm, and is of virgin metals. Otherwise, we 
shall have all kinds of trouble with impurities in the metal, 
various melting points and gradual disintegration of the 
soldered joint. 


Tin the Work First—Then Solder. 

The metals to be soldered should be bright and clean, 
free from dirt, grease or any plating. 

Naturally, any insulation should be skinned off, with care 
not to cut into the wires beneath and the wires should be 
gently scraped of any lacquer or varnish. Stranded wires 
should be first twisted into a tight, single wire and long, 
loose strands should be cut off evenly. 

The soldering copper should then be applied to the work 
with the purpose of bringing the wiring to a temperature 
sufficient to melt the solder, and only then is the solder 
applied to the work, not the iron. 

In using rosin core solder, frequently we find that the 
solder has no rosin flux in the first quarter inch or so. This 
flux has flowed out at a previous application. It is there- 
fore necessary to melt away this slight amount of solder 
before fresh rosin will flow. Do not, however, try to use 
these solder drippings with another flux. Always use fresh 
solder and fresh rosin. Solder drippings can be gathered 
and sold for just what it is—junk. 

Rosin disintegrates with heat and its action becomes 
sluggish when exposed to the atmosphere for some time. 
Hence, our admonition—use fresh rosin and insure a clean 
joint. A clean, correctly tinned joint has 99% of the solder- 
ing job done. 


5. Use the Soldering Iron Intelligently! 


The soldering iron best suited to our purpose is the elec- 
trically heated jewelers’ iron or small 30-watt commercial 
iron. These are tools of fine design and purpose and should 
be treated as such. They provide a means of easily con- 
trolled, continuous flow, economical heat conductivity that is 
ideal. 

The electric iron should be connected to the proper volt- 
age and as the heat rises is tinned on all four surfaces. 
This tinning is applied by touching the hot tip with rosin 
core solder and permitting the rosin to flow over its sur- 
face, AN IRON THAT IS TOO HOT WILL BLACKEN THE COPPER 
AND BURN THE ROSIN. 

A burned copper will never tin satisfactorily, conse- 
quently will never solder satisfactorily. The black, dirty 
crust of oxidation will insulate the soldering copper from 
the work, will prevent adequate transfer of heat and will 
foul up the solder. Keep your eye on the tinning as a sure 
indication of the proper temperature for the iron. By dis- 
connecting the plug for a few minutes we can save our- 
selves from a messy job and lots of grief. 

Never use sal ammoniac to clean or tin iron in electrical 
work. Its after-effect is always in conspicuous evidence. 

During the soldering operation an occasional rubbing of 
the tip over a piece of steel wool will restore the original 
luster to the tinning and keep the tip clean. 

It will be noted that an iron in continuous operation will 
become pitted. This is a sign that the tool is performing its 
job efficiently as a soldering implement. A metal, to be a 
good soldering tip, must partly dissolve in molten solder so 
that it can continually form and reform its solder coating 
or tinning. 

Copper is a metal of high heat conductivity and oxidizes 
easily, and therefore it is a good material for our soldering 
Up. It is soft, however, and wears away from continual 
use. Therefore, when the point has become dull and pitted a 
new soldering surface must be reformed by filing it into a 








Here’s an Automatic Answer 























to many Production Problems! 








®@ One way to help meet production schedules 
is to make certain operations automatic. Instru- 
ment makers have done it again and again 
with the help of self-starting, synchronous 
Telechron motors. 


© Telechron motors operate indispensable in- 
struments of many kinds for the Rubber, Chem- 
ical, Metal, Aviation, Petroleum, Power, Textile, 
Telephone and other industries —and these 


are among the varied applications: 


TIMING SIGNALING 
CONTROLLING MEASURING 
METERING GAGING 
RECORDING REGULATION 
SWITCHING COMMUNICATIONS 


CYCLING OPERATIONS 


© The above list suggests the versatility of these 
accurate little motors (12 to 250 volts, 1 to 1800 
RPM) and their easy adaptability to almost any 
industrial purpose. 


¢ All that we've learned in our long experience 
is at your service—to help step up production 


for Victory. 
\/ 
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1241 Lafayette Ave (Bronx) New York, U.S.A. 








A NEW Service 


To INDUSTRY 


NOW:— 
To Support The 
War Effort 


LATER:— 
To Aid Industry 
in Supplying 
Civilian Needs 





Inpustria L Exectrron ICS Inc. 


J. W. HEAD—Director of Engineering 
21 HENRY STREET DETROIT (1), MICHIGAN 


CUSTOM BUILT ELECTRONIC EQUIPMENT 
SPECIALIZED ELECTRONIC RESEARCH 
COMPREHENSIVE TRAINING FOR ENGINEERS 


Affiliated with the 
COMMERCIAL ENGINEERING LABORATORIES 


SPECIAL TESTING INSTRUMENTS 











Page 494—IJ nstruments—Vol. 16 


clean, even point. After this operation it must be complete- 
ly retinned as directed above. 

Once the tip has been tinned, we are no longer interested 
in applying more solder to our iron. The soldering opera- 
tion will automatically keep the iron tinned. What we are 
primarily interested in is applying solder to the work. 
Therefore, having raised the work to the proper tempera- 
ture, apply the solder directly to the joint so that the rosin 
can flow over and dissolve the oxides. 

Failure to raise the work to a temperature sufficiently 
high to melt the solder and cause the rosin to flow freely 
over the oxidized parts will result in a lumpy or stringy 
solder and a poor job. This failure is often due to lack of 











Fig.! Fig-2 





Fig: 3 


heat conducting surface of the iron or failure to apply this 
heated surface correctly. Figs. 1 and 2 illustrate a correctly 
and incorrectly shaped tip and Fig. 3 illustrates the proper 
application to the work. A long tapered point presents too 
much heat radiation surface to the atmosphere and too 
little to the work. Remember—a correctly tinned iron, cor- 
rectly applied gives a neat, workmanlike joint. 

6. Take Care of Your Iron. 

A good iron is a good tool—take care of it. When not in 
use keep the cord wrapped neatly around the handle. Keep 
it from overheating and keep it clean, and your iron will 
keep you out of soldering trouble. 





A “Quiet Buzzer” (Vibrator) 


By RAY J. STEPHAN 


Administrator, Pioneer Instrument Service School, 
Philadelphia, Pa. 


N the overhaul and calibration of aircraft instruments 

one of the essential requirements in test equipment is 
a source of controlled vibration, to eliminate static friction 
in the instrument mechanism under test. The object is to 
reproduce conditions encountered in the actual use of the 
instruments in aircraft operation—in flight or on ground 
run-ups, a certain amount of vibration is always present. 

Unfortunately, the easiest way to develop vibration is to 
go to the five-and-ten or to a hardware store (before mate- 
rial shortages) and purchase a door bell or buzzer. A small 
door-bell transformer supplied the needed electrical energy, 
and away we go. But, besides vibration you also acquired 
a lovely noise-producing machine. To listen all day to buz- 
zers a-buzzing away is enough to drive you batty, partic- 
ularly when a buzzer is developing its usual pitted points 
and the noise level varies from high to low and the audio- 
frequencies from screechy to raspy to burry to roary and 
back again to shrieky. Really it becomes terrific (or am I 
telling you?). 

Well, here is my answer to the challenge of “buzzer 
nerves”: 

This particular buzzer that was worked over started out 
in life as a door bell. The entire moving element (arma- 
ture), including points and bell weight, was removed and 
gently deposited in the local metal scrap collection along 
with the bell itself. The solenoid coils were rewired so that 
the flipping of the on-off switch supplied energy directly to 
the coils. (On the original setup the electrical energy pa sed 
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through the make-and-break points operated by the arma- 
ture.) 

he d-c. resistance of the solenoid coils in series was 5 

ns on this particular unit. Each coil was approximately 

ie” diameter 1%,” long. The coils were energized by a 
10-volt 60-cycle supply obtained from a step-down trans- 
former. Now, referring to the simple sketches: A is a piece 
of 0.110” diameter drill rod or cold-rolled steel. The rod is 
5%" long, which for this particular pair of coils develops 
plenty of resonance and consequently plenty of vibration. 
The rod just sits there and vibrates like hell and not a 
sound out of it. Really quite wonderful. B is a piece of % 
iene brass rod. A #37 drill is used to drill the hole 
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through the brass rod, the long way. The ends of the hole 
are tapped 6-32 to take the mounting screw and the set 
screw for the holding of the rod. A #35 drill will give a 
hole of sufficient size to clear the 0.110” diameter rod. The 
distance from the edge of the point of support of the rod 
to the center line of the closest solenoid coil is 1”. By vary- 
ing the length or the rod, one may readily vary the inten- 
sity of the vibration. 

No doubt other improvements could be made on this de- 
vice, perhaps we should patent it, but let me restate, it is 
a “quiet buzzer” and that in itself is sufficient for this 
humble follower of the aircraft instrument field. 








Magnetism and Electricity as Utilized 


in Aircraft Instruments 
By RAY J. STEPHAN 


Administrator, Pioneer Instrument Service School, 
Philadelphia, Pa. 


ITH the coming of large multi-engined aircraft it 
Wi: become increasingly difficult to depend on purely 

mechanical instruments for transferring to the in- 
strument panel essential information on the operating con- 
dition of the power plants. The distance has become too 
great. Electrical coupling has come along to aid this situ- 
ation. 

In other instances it has been found that electrical in- 
struments are more accurate and easier to service than 
equivalent mechanical instruments. 

The electrical coupling of the magnetic compass for re- 
mote indication has also come along to help solve a some- 
times serious problem: local magnetic effects in the cockpit 
often make it difficult to compensate a compass located in 
the cockpit but with an electrically-coupled compass the 
master unit may be located remotely in the aircraft, away 
from the magnetic disturbances. 

An outstanding advantage of electrical instruments in 
large ships is the ease with which repeater units may be 
employed at several points. For example a compass indica- 
tion is useful to the pilot and to the navigator and often to 
the radio operator. An electrically coupled compass satis- 
fies this requirement. 

Unfortunately, in our study and work on electrically or 
magnetically operated instruments, we cannot see the elec- 





CHACE 
c>— ALLOY —- 


No. 772 


This new manganese 
alloy possesses a combination of properties 
not to be found in any other strong alloy 
or metal. 

High electrical resistivity . .. about 60° 
higher resistivity than most alloys now in 
common use. High temperature coefficient 
of expansion ... twice as great as that of 
ordinary steel. Low thermal conductivity 
... only 2% that of copper. High vibra- 
tion damping constant ... about 25 times 
greater than steel. Opens the road to many 
possibilities in design improvement not 


heretofore possible. 


NOW AVAILABLE 


in the following shapes and sizes: — 


* SHEETS * 


From .003” up in thickness and from 
.0625” to 6” wide. 


* RODS * 


Down to .125” diameter. 


* WIRE * 


Down to 16 gauge (.050”), 


* 


Send for “Bulletin No. A-942”’ 


which gives full details regarding Chace 
Manganese Alloy No. 772. 
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9f astrument control of temperature or pH in industrial processing is less spectacular 
than the location of enemy submarines or airplanes by the same method, but it is just 
as important, for ii makes uniform mass production possible. 


Potentiometers are synonymous with processing accuracy and for more than a quarter 
century most of these instruments have depended on Eplab Standard Cells for reliable per- 
formance. These cells are a “yardstick” for the translation of voltage to temperature or 
pH. The first commercial cells of their type made in America, they have become “as stand- 
ard as sterling” through untiring research. 








LP 


“Ask jor Eplab Standard Cells 
_in YOUR potentiometers. 
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SCIENTIFIC INSTRUMENTS 
NEWPORT, RHODE ISLAND, U.S.A. 
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For Potentiometric Instruments “As Standard as Sterling’ 
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trical and magnetic “forces” or the “fields” or the “lines” 
of force. In a modern aircraft instrument school, therefore, 
an effort is made to do the next best thing by explaining 
the effects of electrical and magnetic phenomena as simply 
as possible, to clear up the air of mystery surrounding 
electrical and magnetic ‘aircraft instruments. This articl 
summarizes classroom talks by the writer. 


MAGNETISM AND MAGNETS 


Many electrical instruments employ magnets. The mag- 
netic compass, the electric tachometer, the gyro element in 
the gyro-stabilized driftmeter, the Autosyn flowmeter trans- 
mitter—all use a magnet in their operation. 

A magnet may be in the form of a bar, disk or horse- 
shoe. The molecules of the magnet material (or some of 
them) are lined up or “oriented” in an orderly way, so 
that the magnet as a whole possesses polarity: it has pairs 
of poles. Most magnets used in aircraft instruments have 
either two or four poles—always paired up: 1 North pole 
and 1 South pole or 2 N and 2 S. Between the poles of a 
magnet, the magnetic lines of force are invisible, but their 
effects are capable of being detected and measured. These 
lines of force or magnetic fields have dependable laws gov- 
erning their action. 

One of these dependable laws is the attraction between 
unlike poles and the mutual repulsion of like poles. An- 
other dependable characteristic is that a bar magnet, free 
to rotate, will align itself parallel to the lines of force of 
any other magnetic field in which it may be placed. Com- 
mon example: the compass needle in the earth’s field. These 
and other characteristics never fail! 

Magnets are used on Bendix Pioneer instruments for the 
following purposes: 

(1) As a coupling to transmit torque from one shaft to 
another. The Flowmeter Autosyn transmitter is an example. 

(2) As a device to generate eddy currents in a non- 
ferrous disk or cup, commonly called a magnetic drag sys- 
tem. This application is found in the gyro unit of the B3 
driftmeter and also in the electric tachometer. 

(3) Magnets are the prime mover in a magnetic com- 
pass, and also in the Magnesyn. 

(4) The field of a four-pole magnet is used to generate 
an electric current in the engine unit of the electric tach- 
ometer. 

(5) Magnets are used to effect compensation of the mag- 
netic compass and Magnesyn. 

It might be well to mention at this point that the mag- 
netic pole of the earth in the region of the geographic north 
pole is the same as the south pole of a magnet: it attracts 
the north pole of a permanent magnet. The end of a com- 
pass needle which points north is its north-seeking pole. 
Custom drops the word “seeking.” 


CURRENT FLOW—VOLTS, AMPS AND OHMS 


Electromotive force (emf.) is the electric “pressure” 
which makes an electric current flow in an electric circuit. 
The Volt is the unit of emf.—named after Volta who built 
the first wet battery. One volt is required to force a unit of 
electric current against a unit of electrical resistance in 4 
d-c. circuit. 

Current is the rate of flow of electric energy. The unit of 
current measurement is the Ampere, named for the French 
scientist who discovered electromagnetism. The value of 
the current which flows in a conductor is dependent on the 
voltage and on the resistance. 

The resistance of an electric circuit is measured in ohms. 
This unit is named for Georg Simon Ohm who formulated 
the law we shall take up presently. The resistance of an 
electric circuit element, such as a conductor, depends on: 
(1) the material of the conductor, (2) the length of the 
conductor, (3) its cross-sectional area and (4) its tempera 
ture. 

OHM’S LAW 


There is an exact and dependable relationship between 
voltage, current and resistance. The amount of electric 
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LIGHT WEIGHT PLASTIC HANDLES give gages more sensitive touch be- 
between cause they are lighter than any metal They reduce fatigue and insulate 
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1. These IMMEDIATELY AVAILABLE IN 6 STANDARD SIZES and in any quantity. 

. . MADE IN FOUR COLORS, Red, Yellow, Green, Black for quick identification 
of types or sizes. 
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IDEAL FOR THE NEW GLASS GAGES which require light weight handles 
for best results. This light weight feature in Federal handles reduces the 
danger of breakage and also adds to the sensitivity. 
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Army, Navy and Air Corps 


DIALS AND OTHER DEVICES 


processed with 


DIUM) 


PHOSPHORESCENT AND 
FLUORESCENT COMPOUNDS 





Materials processed with radium compounds 
glow everlastingly in the dark without activation 
from any outside source. 

We process with luminescent compounds, all 
types of dials and other devices, in metals, 
plastics and glass, according to the latest Army 
and Navy specifications. Our perfected labo- 
ratory methods ensure uniform accuracy and 
durability of applied numerals, lettering and 
calibrations. Information and estimates on your 
specifications furnished promptly on request. 
First in Radium— Under one control—mining, 
refining, technical research, processing and 
distribution of radium products for industry. 
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RADIUM s. URANIUM 
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PRECISION OPTICAL 
MACHINERY 


@ 8-SPINDLE SHORT RADIUS 
AUTOMATIC POLISHING MACHINES 


@ 1,2,3 & 4 SPINDLE 
AUTOMATIC POLISHING MACHINES 
Capacity up to 16” Laps. 
@® OPTICAL GRINDING MACHINES 


@ CONTRACTORS for 
FINE-GRINDING CERAMIC PARTS 


BAILY VIBRATOR CQ. 


PHILADELPHIA, PA. 











1539 WOOD STREET 


My Business MainLains 


high Aecutacy Plandadds, 
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100% automatic—these tank gauges insure 
accurate, trouble-free readings whenever 
required. No pumps, valves, or auxiliary 
units required to read them. Models avail- 
able so that readings can be taken remotely 
from or directly at the tank. Remote reading types utilize balanced 
hydraulic transmission system which completely compensates for 
temperature variations on communicating tubing. Accuracy unaf- 
fected by specific gravity of tank liquid. 

Approved for gauging hazardous liquids by Underwriters’ Labora- 
tories and other similar groups. Models available to automatically 
control pumps, motors, signals or other devices for maintaining 
minimum or maximum liquid levels. 


Write for complete details. 


THE LIAUIDOMETER corp. 


— 


36-27 SKILLMAN AVE LONG. ISLAND CITY, N.Y 
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ergy that flows in a circuit is greater with an increase jp 
the impressed voltage and less with an increase in the elec. 
tric resistance. Expressed as a formula, remember the 
word “IRE.” JR=E. I= Current, R= resistance, FE = 
emf. or voltage. Ohm’s Law in this form applies to direct 
currents only. 

CURRENT FLOW IN A CONDUCTOR 

Whenever a current flows in an electric conductor (im- 
agine a straight wire at first), a peculiar thing takes place: 
At right angles to the flow of current, a magnetic field 
builds up. This magnetic field takes the form of a series of 
concentric circular patterns extending all around and 4q]] 
along the conductor. This magnetic field is capable of ex- 
erting force and doing work. No one has ever actually 
observed a magnetic field, but there are many ways of 
detecting its presence. If you approach a current-carrying 
conductor with a magnetic compass, the compass needle will 
be deflected. If you take a length of wire and make a coil 
of it and connect the ends of the coil to a source of electric 
energy, an electromagnet will be the result. The strength of 
such an electromagnet may be considerable. In this coil you 
have concentrated the magnetic lines of force. If you wrap 
the coil around a piece of soft iron you will still further 
increase the effectiveness of the electromagnet. 

This innocent and relatively simple proposition of a mag 
netic field built up around a current-carrying conductor 
gives us many of the advantages of electricity as applied 
to aircraft instruments. If you have a good clear picture of 
this proposition in its several aspects you will have little 
trouble understanding the operation of most electrical in- 
struments. 

Getting down to details in our consideration of current 
flowing in a conductor, the first point to consider is the 
direction of motion of these concentric magnetic lines of 
force encircling a conductor. The Right-hand Rule covers 
this problem very neatly. If we grasp the conductor in the 
right hand, with the thumb pointing in the direction of 
current flow, the fingers are then encircling the conductor 
in the direction of “flow” of the magnetic lines of force. 

The right-hand rule may be applied in a slightly different 
way to solenoid or electromagnet. Grasp the coil in the right 
hand, the fingers encircling the coil in the direction of the 
current flow. The extended thumb points to the north pole 
of the solenoid. 

Remember that the magnetic field of a current-carrying 
conductor is every bit as much of a genuine magnetic field 
as that found associated with a permanent magnet. Also 
remember that the plane of the magnetic field set up by a 
current flowing in a conductor is always at right angles to 
the direction of current flow. 


DIRECT AND ALTERNATING CURRENTS 


A direct current is that type of current which flows in 
one direction. As a consequence the direction of the mag- 
netic lines of force surrounding the conductor also remains 
the same. In a solenoid energized by d.c., the polarity of the 
solenoid remains the same for a given direction of current 
flow through the coil. 

An alternating current is one whose direction of flow re- 
verses at regular intervals. In discussing alternating cur- 
rent it is customary to express the voltage and the cycle 
value. The usual house current, for example, is a 110-volt 
60-cycle current, which reverses its direction 120 times per 
second (one cycle being equal to two complete reversals). 
The miniature Autosyn is supplied with 26-volt 400-cycle 
current. 

A solenoid with a.c. flowing in it would have its polarity 
reversed every time the direction of current flow was re 
versed. If the frequency of reversal was fast enough, say 60 
cycles or over, a magnetized needle would point steadily to 
ward one pole of the solenoid. The only trouble would be 
that the magnetized needle would point toward either end 
of the solenoid according to which end was closest to the 
end of the needle initially. 

A great many more things can be accomplished with a.¢ 
than with dc. A.c. is utilized in practically all Bendix 
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EVERY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read. Delivery—2 to 6 weeks. 


RANGE FROM 0-60 Ibs. to 0-10,000 Ibs 
af 


Wr MO i oh oats 


144.00 





MIDGET THERMOMETERS 


STRAIGHT 
OR ANGLE STEM 

% Designed and built for 
precision readings on all 
Yolvil olaatctalmectel li@iale Myeslel i mel an 
curate thermometers such as 
pipe lines, processing tanks, 
vulcanizers, etc. Equipped with 
aalelelalhe Alals Man tclaleaaaelals 
cury tubes — replaceable 

without removing socket. 


LLUSTRATED CA > ENT 


WITHOUT 


mMmer=- 


H-B INSTRUMENT COMPANY, INC, 


2525 North Broad Street, Philadelphia, Pa, 
PRECISION SCIENTIFIC INDUSTRIAL INSTRUMENTS 


H-B THERMOMETERS 


KELVIN- 
WHEATSTONE 


BRIDGE wo. «57 







A wide range resistance- measuring instru- 
ment — combining the features of the Kelvin 
and the Wheatstone Bridge. 
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COLLINGDALE, PENNA. 
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Our new Glass Apparatus Shop can 
make you anything from an eyedrop- 
per to a mercury diffusion pump... 
So why not order an eyedropper—or 
a mercury pump—or whatever you DO 
need in laboratory apparatus ? 


PRECISION THERMOMETER AND INSTRUMENT CO. 


Philadelphia, 


Pennsylvania 


PRECISION 


INSTRUMENTS FOR INDUSTRY 





S/\6 16” 
, T/\b 1-3/16" 
7/\6 foal 


sulating sleeve 


Vegetable (Aerovox 
Hyol) or minera 





MICA-CAPACITOR 


Alternates 


@ Miniature oil-filled metal-case 
tubulars. Ideal for assemblies 
where both space and weight 
are at absolute minimum. Require 
no more space than mica capaci- 
tors they replace. Conservatively 
rated. No skimping of insulation 
or oil-fill despite minimum di- 
mensions. Meet all standard 
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specifications for paper-dielec- 
tric capacitors used as mica 
alternates. 

These and other new types, 
along with the already large 
choice of Aerovox capacitors, 
are listed in the new Aerovox 
Capacitor Catalog. Write for 
your copy on business stationery. 


pyytliey 


INDIVIDUALLY TESTED 


S A -+ SALES OFFICE 


Pioneer electrical instruments. Consequently we will spend 
much of our time discussing a.c., its uses and effects. 


THE TRANSFORMER 


One of the most important advantages possessed by a.c. 
is its ability to transfer electricity from one electric circuit 
to another without the use of any direct electrical connec- 
tions and—by extremely simple means—to “transform” the 
voltage of the first circuit to a higher or lower value in the 
second circuit. This process of transferring electrical energy 
through space is called induction. Current from one con- 
ductor is induced in another conductor. The induced current 
in the “secondary” will have the same frequency as that of 
the current in the “primary,” whereas the secondary volt- 
age will be higher or lower than the primary voltage. 

This induction or transferring process depends on the 
basic electromagnetic phenomenon which is that a changing 
magnetic field creates an electromotive force. If we take a 
coil of wire and pass a bar magnet through the center of 
the coil—thereby varying the magnetic field to which we 
expose the coil—a momentary current will flow through the 
coil of wire. This takes place because whenever electrical 
conductors are “‘cut” by magnetic lines of force, an electro- 
motive force is created and therefore an electric current 
will flow in the conductors involved, provided that the con- 
ductors are part of a closed circuit. 

The really important thing to note here is that the cur- 
rent flow is set up only when the magnet is moved in or out 
of the coil, or when the coil is moved along the magnet—it 
doesn’t matter which moves: the essential is the variation, 
or change, so that lines of force cut a conductor or so that 
a conductor cuts lines of force. 

Now, in the case of a direct current flowing in a conduc- 
tor, the magnetic swirls which exist around the conductor 
build up when the current is turned on and stay built up 
until the current is turned off. Therefore, if we place a coil 
near this conductor of d.c., no current will be induced in 
the coil while the d.c. flows continuously and evenly (with- 
out changes of direction or of voltage). 

Things are different in the case of a conductor of an alter- 
nating current: The magnetic swirls build up, then die down 
and build up in the opposite direction. This build up, dying 
down and reversal (in time) has the same effect as the mov- 
ing of the bar magnet in and out of the coil of wire (in 
space). These magnetic swirls “moving” in one direction 
then in the other direction are capable of “cutting” any 
conductor placed in their immediate vicinity. Thus they in- 
duce a current or transfer a current from one circuit to 
another. 

If the number of turns in an a.c.-energized coil is exactly 
100 and the number of turns in a nearby coil is also 100; 
and if the two coils are built into an arrangement that pre- 
vents leakage of electric energy, then the value of the volt- 
age and current in each coil will be the same. (The fre- 
quency, of course, will also be the same, as explained be- 
fore.) 

If, however, we have 200 turns in the second coil, then the 
voltage in the second coil will be twice the voltage in the 
first coil. Then we can say literally we have a “transformer.” 
Our device “transforms” voltage from one value to another 
value. In every-day life, however, even in an instance where 
no step-up or step-down in the “secondary” voltage occurs, 
we still refer to the device as a transformer. 

The transformer winding connected to the current supply 
is known as the primary; the winding connected to the re 
ceiver circuit is known as the secondary. 

The Autosyn remote system of indication consists in part 
of two self-synchronizing motors. These motors are really 
a form of a special transformer—the “star” winding type 
of transformer. 

The Magnesyn remote indicating compass operates as 4 
special form of transformer having a winding known as an 
“open delta.” 

The windings of transformers are placed on cores of soft 
iron—iron which is very “permeable” to magnetic fields By 
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The Alnor Velometer is a versatile reading air 
velocity meter which gives instantaneous readings 
of the speed of air measured in feet per minute. 

The Velometer is ideal for measuring duct veloci- 
ties and pressures, velocities at grilles or registers. 
It offers the only convenient and satisfactory in- 
strument for checking drafts, leaks around doors 
or windows or in ducts, velocities of ceiling outlets 
and similar air diffusers, 

It is made in several standard ranges from 20 
F.P.M. to 6000 F.P.M. and up to 3 inches static o: 
total pressure. Special ranges available as low as 
10 F.P.M. and up to 25,000 F.P.M. velocity and 20 
inch pressure. 

Anyone can use the Velometer. No mathematical 
calculations, no leveling—no timing. 


Write for bulletin No. 2448-D 





(oie Los (ing Laboratories Inc 






142 West Hubbard Street Chicago, Illinois 
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Do you know the CO, content of your 
flues? Do you know the facts about draft? 
Why not find out? That's easy with a 
Hays Combustion Test Set—it tells you 
the whole story in a jiffy; may easily 
save many times its modest cost by 
immediate fuel sav- 
ings and vastly in- 
creased efficiency. 
It's a practical com- 
bination of the Hays 
Gas Analyzer—the 
fastest known—and 
the Hays Pointer 
Draft Gage — the 
pioneer dry type 
gage. 
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Send tor the new booklet, 
“The ABC of CO.”’—costs 
nothing, worth reading. 


CORPORATION 


MICHIGAN CITY. INDIANA. USA 











THE EE8-A field telephone is 

one good reason why American- 
built communications equipment has a reputa- 
tion for being the best there is. It is an unclass- 
ified (not secret) instrument, but we, whose 
prime war job is to build it, doubt that the 
enemy can match the EE8-A phone. 


You see there zs a secret to it—the secret of 
American know-how. For instance: 


® How to turn out such delicate, and at the 
same time, rugged instruments by the tens 
of thousands, and still have each the equal 
or superior of a handmade product. 


® How to devise instruments to give each 
unit a complete “laboratory” test, in a few 
seconds, right on the production line. 


® How to make telephones that will operate 
equally well whether they serve in arctic 
cold or tropic moisture. 


America has the answers. Major credit belongs 
to Signal Corps engineers, but Connecticut is 
proud to have had a part in making the EE8-A 
a weapon for helping our boys get the jump 
on the enemy wherever they find him. 


In your postwar planning of products and 
factory method, you will need American know- 
how in the design, engineering and manufac- 
ture of precision electrical devices. We believe 
Connecticut can help you. 


CONNECTICUT TELEPHONE & ELECTRIC DIVISION 


(| y REAT 


\ v 
MERICAN 
J qj 
NOUSTRIES 
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MERIDEN, CONN. 


For the second time within a year, the honor oj 


the Army-Navy Production Award has been con- 





ferred upon the men and women of this Division 








© 1943 G.Ad., Inc., Meriden, Conn. 
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PERMOPIVOTS 


LONG LIFE PRECISION PIVOTS 





al laboratories. Permopivots are remarkably 









mooth Permo metal tip eliminates abrading particles of 


icient of friction with Permopivots often makes it pos- 





use of oil. Trade Mark Reg, 


PERMO INCORPORATED 
6421 Ravenswood Ave. Chicago, Illinois 













L. P. G. VAPOR 

PRESSURE BOMB 
A steel bomb made to Natural 
Gasoline Association specifica- 
tions for testing vapor pressure 
of propane, butane and other 
liquefied petroleum gases. Nickel 
plated for protection against cor- 
rosion. 


L. P. G. SPECIFIC 
GRAVITY BOMB 

A similar bomb made to conform 

to N.G.A.A. specifications for 

testing the specific gravity of 
liquefied petroleum gases and 

mixtures of these components. 


ee RN ee 





For other Gas Testing Instruments 
CATALOG No. 26-A 








THE REFINERY SUPPLY CO. 


Main Office and Plant 


TULSA, OKLAHOMA Ph. 4-8144, L.D. 581 
—— Branch Office 
. Houston, Texas . .°» Ph. Fairfax 5814 


4th Street 


1309 Capitol Ave 
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permeable is meant that the iron readily absorbs magnetic 
fields and just as readily gives them up again. The iron (or 
iron alloy) is formed of very thin strips of metal rather 
than in one solid piece. These laminations, as they are called, 
are also painted with the equivalent of a clear lacquer. The 
use of laminations and the painting go together to cut down 
the development of so-called “eddy currents” which set up 
a heating effect (representing a loss in electrical energy) 
and which are otherwise undesirable. 


EDDY CURRENTS 


Eddy currents are electric currents which are induced in 
any piece of metal moving across a magnetic field. The 
strength of the eddy current is dependent on the mass of 
the metal involved. For this reason, the laminations and in- 
sulation mentioned above are employed where eddy currents 
are undesirable. This makes the individual mass small. 

Eddy currents may be developed in a piece of metal even 
though that metal does not form a “closed circuit.” To ac- 
quire a mental picture of this phenomenon, consider a ring- 
shaped portion of the metal. Think of it as a shell. This 
imaginary shell, separated by your imagination from the 
rest of the metal, is a closed conductor as we are accus- 
tomed to thinking of such things. 


The motion of this “shell” across a magnetic field sets up 
a flow of current in a real circle—a ring within the meta]— 
this circular current being far from imaginary. Due to the 
low electrical resistance of a large piece of solid metal, the 
value of the induced current can easily be very great. The 
large current flow produces a heating effect. The direction 
or current flow is such as to oppose the original motion of 
the mass of metal (for a reason that will be explained pres- 
ently). This opposition is undesirable in many cases as it 
consumes energy needed for other work. In those cases we 
do not want eddy currents because they are not useful. But 
sometimes we set up mechanical devices deliberately to de 
velop eddy currents because we find them useful. 

A Frenchman, Dominique Francois Arago, found that by 
rotating a magnet on a shaft and placing a’ non-ferrous 
disk near the rotating magnet, the disk could be set to rotat- 
ing also. The direction of rotation of the disk was the same 
as the direction of rotation of the magnet. 

The “mysterious” connecting link between magnet and 
disk is our friend Eddy Current. The induced eddy currents 
being ring-shaped, they have at least one property of a 
solenoid: they have a magnetic field of their own. Nov, 
then, the interaction of these magnetic lines of force with 
the magnetic lines of force of the rotating magnet gives us 
the needed connecting medium to produce rotation of the 
disk. The rate of rotation of the disk is always lower tha! 
the rate of rotation of the magnet. If this were not the 
case, no “induction” would take place in the disk. Remen- 
ber: actual cutting of lines of force is needed to induce a 
current in a conductor. This difference in rate of rotatio! 
gives the continuous “cutting” action. 

The rotating-magnet-and-disk arrangement is utilized to 
good advantage in the Pioneer electric tachometer, in the 
gyro erecting device on the driftmeter and Fluxgate and, 
last but not least, in the speedometer of your car. 


RESISTANCE IN SERIES AND PARALLEL 


It may be necessary, as a check on the condition of cer- 
tain electrical aircraft instruments, to test the d-c. resist- 
ance of parts of the unit. Some of these component parts 
may be connected in series and others in parallel. 

Here are a few simple rules governing series and parallel 
hookups. 

“In a series circuit the current flows through the various 
resistances in succession. The total resistance of a number 
of resistances in series is the sum of the individual resist 
ances. The current is the same throughout a series circuit. 
However, the more conductors in series, the greater the re 
sistance, and hence the smaller current. 

In a parallel circuit, the current divides and flows simul- 
taneously through the various resistances. The total current 
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MOISTURE CONTROL 


RAPID — ACCURATE 


with the 


DIETERT 


MOISTURE 
TELLER 


The Dietert 
Moisture Teller de- 
termines moisture 
content accurately 

~<a and rapidly by forc- 
ing electrically heated air through the test sample. The 
drying temperature may be closely controlled with 
thermo regulator. Cost of operation is very low. 





For plant and laboratory use in the chemical, 
ceramic, food, foundry, paper, pulp, rubber, 
salt, sugar, textile and tobacco industries. 


Send TODAY for full information 


HARRY W. DIETERT CO. 
9330 Roselawn Ave. Detroit, Michigan | 
























































Production at New Peak on 
JOHANSSON GAGE BLOCKS 


I EQUIREMENTS of extreme manufacturing precision 

in war industries of the United Nations have 
made unprecedented demands upon our output of 
Johansson Gage Blocks, and we regret that our cus- 
tomers have had to wait so long for delivery even 
though every order is on priority. 


Though we have increased production to the highest 
peak in history and speeded up deliveries, there is a 
long waiting list to be filled. But it is smart to place 
your order now. If it is on file, your chances of getting 
early delivery are a great deal better than they have 
been heretofore. 


Johansson Gage Blocks i =| Os ay 

and Accessories | | 
Ford Motor Company, Johansson Div. L A 
Dept. 18 Dearborn, Michigan 


World’s Standard 
of Measurement 
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Radio and Electrical equipment is being tested 
in Tenney units by leaders throughout the 
country. Uncle Sam’s Inspectors are passing 
it after exacting tests with words of highest 
praise to the Electrical Engineers— 


“PERFORMANCE SATISFACTORY” 
Tenney units reproduce any atmospheric 
condition from the ground to Stratosphere. 
Tenney Engineering, Inc. equipment is used 
by the Aviation Industry and the United 
States Government for all types of test. 
Stratosphere Chambers and Rooms to 
60,000 feet. 

Humidity Chambers to 95%. 
Constant and Variable Temperature Baths 
to +0.1° F. 

Temperature Cabinets to —100° F. 
Accurately controlled by exterior instruments 
yg y 7 
Our Engineering staff is at your service 


Illustrated and descriptive booklet on request 
For Precision Control, write 


TEN NEY 
TENNEY ENGINEERING, INC. a . a 


Dept. 1-8, 8 Elm St., Montclair, N. J 
Telephone: Montclair 2-5535 N 
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is the sum of the current in all the branches. The voltave 
FOR SMALL PARTS is the same across each of the resistances in parallel. The 


total resistance of a parallel circuit is less than that of a LV 
cere) DIFFICULT TO CLEAN single resistance in the circuit. , 


MANUALLY or by ANY OTHER METHOD 


End of Guest Editor’s section of Aviation Instruments 
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achieving gratifying 
results. With such a 
record, L & Ris The following articles have been contributed 
worthy of your in- by the Aireraft Instrument Guild. For fur- zing 
quiries. WRITE for ther information on any of the subjects ‘dis- tempo 
complete catalog cussed, write to the Guild at the above address. 
data. In one unit, L&R 


POLISHES» DRIES in The Shoe Will Fit Us Also J =: 


Increasingly L & R is 













struments, meters, By R. G. OJERS gis 
gouges—all types of President A.LG. Py 
small metal parts, Spertan School of Aeronautics, Tulsa, Okla. Treas 
quickly, easily. Pre 
N the last issue of this magazine, we had an article on V. Or 
Aura: “Standardization Through Coédperation” of the manufac- § 8/7 
turers, referring to instruments, and after reading this Ms = 
| & R PRECISION CLEANING EQUIPMENT article over, I see how it could so easily be applied to u J 4. 
instrument mechanics. July 
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USED BY MORE THAN 200 INDUSTRIES “Standardization Through Cooperation.” Each of us as hihi 
L & R MANUFACTURING COMPANY an individual working in small groups has learned certair aa 
54 CLINTON ST. Pam 3A) NEWARK 2, N. J. routines and procedures in doing a job well, but one method pe re 
will be different from another, some much better than it the 
others. As you know, it is the purpose and aim of the Air WwW. 5 
craft Instrument Guild members to exchange ideas. Wé 
should all codperate with one another that we may choos 
the best methods, thereby becoming better mechanics bot! 
for ourselves as well as our employers, not only on the over- 
hauling of instruments but line work, trouble-shooting and 
installation. Tools or jigs designed especially for aircraft 
instruments constitute another helpful subject that is defi- “ee 


SAVE MAN-HOURS 
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MOTORS Control start- 


nitely beneficial to us all. 
Now for our own benefit, let’s look around at our work 































ing, stopping, running how we do it. Have we some original method, or methods, —— 
and sequence. given us by our neighbors? Or some factory representative ee 
ALARMS Bells, lights or They may appear obvious and of little or no consequence —c 
horns signal critical periods. Swell! Just sit back and say to yourself, “Well, it has ny 7 
helped me—why shouldn’t it help someone else?” Write i 
VALVES Actuate motorized down, draw a sketch, then send it to us for publication that : ne 
or solenoid valves we @ ez everyone may benefit. Can’t you just visualize the know! _— 
a exactly on time. amen edge to be gained by all instrument mechanics if each of mate 
\* ae “Vernier-Set” Timer, extremely accurate, us should send just one idea? Talk to your fellow mechanics ment 
easily installed, requires no lubrication. Telechron —encourage them to join. Let’s bring our organization of Jacke 
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uments, and hence relieved from active work as a Guild 
per. 
e appointment for Vice-President has not been made 
ate, in filling the place vacated by Richard L. Davis 
, with Lyle Harvat, is now with the Lockheed Overseas 
Corporation; both of them going into foreign service as 
( an instrument technicians. 
e who must remain behind take this opportunity to 
icly thank them all for their-codperation. 
Mr. Neff and Mr. Honeycutt are both charter members 
| their willingness to serve as officers is greatly appre- 
Ch ted. 
But we still need a lot of help from the rest of the mem- 
pers. . ..G.0. 


Chapter No. 2 Organized in Omaha, Neb. 


On July 17, 1943, at 7:30 p.m., at the Omaha Aircraft Company, 
Omaha, Nebraska, a meeting was held for the purpose of organ- 
izing Chapter Two of the Aircraft Instrument Guild. Acting as 
temporary chairman, Mr. A. F. Cone opened the meeting by read- 
ing a letter from President Ojers of the Guild, dated July 9. The 
By-Laws were read. A motion was made that at least two candi- 
dates be nominated for each office and that a vote be taken on the 
candidates nominated for President before nominations for Vice- 
President be in order so as to allow a defeated candidate to be 
ligible for some of the offices. The motion was seconded and 
carried 

The results of the election were as follows: President, A. F. 
Cone Vice-President, G. Jelen; Secretary & Recorder, W. Mather: 
Treasurer, K. Olson. 

President Cone appointed the following committees: Publicity 
V. Ortman, Chairman; M. Baker; L. GeBauer. Social € Member- 
ship: T. Barker, Chairman; M. Baker; D. Wilson; R. Hersch; 
O. Burgess. Educational Committee: L. GeBauer, Chairman; 
K. Olson; E. Lewis; H. Klug; T. Dowd; G. Fought. 

{ motion was made that the Chapter meet again Saturday, 
July 31 at 7:30 p.m. at the same location and regularly on the 
second Saturday of each month thereafter. The motion also stated 
that we should have dinner together before the meeting but it 
should not be compulsory. Motion carried. A motion to appoint a 
ommittee to prepare a Constitution and By-Laws for presentation 
it the next meeting. Carried. Committee A. J. Cone, G. Jelen and 
W. B. Mather. 


Sources of Error in Precise 


Commercial Refractometry 
C ERTAIN modifications of the Abbé type refractometer, 


which have extended its field of application to precise 
measurements, make it advisable to examine possible 
sources of error in order that greater accuracy may accom- 
pany increases in precision. In the April Bureau of Stand- 
ards Journal of Research (Research Paper No. 1535) Leroy 
W. Tilton points out that the quality of optical surfaces on 
lenses and prisms must be high because, in general, the 
symmetrical use of all apertures is not possible. Approxi- 
mate corrections for different performance of the instru- 
ment at different temperatures are not adequate at water- 
jacket temperatures differing widely from those of the 
room, but it is seldom necessary to distinguish between in- 
dex of sample referred to air at water-jacket temperature 
or to air at room temperature. When using solid samples 
the prismatic effect of contact liquid must be carefully elimi- 
nated; only one-third interference fringe per centimeter 
along the contact surface is permissible, as viewed in the 
exit pupil of the telescope. 

For refractometry of liquids certain compromises seem 
necessary. The illuminating prism should be set close to the 
refracting prism in order to retain the sample and admit 
light at truly grazing incidence. On the other hand, the 
separation should be somewhat larger to eliminate trouble- 
some interference fringes which can cause masking of the 
critically refracted rays. The surface of the illuminating 
prism should be polished or fine ground to facilitate clean- 
ings and to allow maximum transmission when working 
with spectral sources of low intensity. On the other hand, 
a rough-ground surface eliminates the interference fringes 
that cause masking. 





The last great astronomer of ancient times . . . discovered the 
irregularity in the moon's motions, known as evection...made 
original observations regarding the motions of the planets. 
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MERIAM manomettrs 


Are being used by the world’s great scientists and 
physicists for important measurements of pres- 
sures, vacuums, and differential pressures. Notable 
among these are the 














SINGLE TUBE DRAFT GAUGES 


Meriam Type GP Single Tube Draft Gauges, 
widely used for measuring low pressures, drafts, 
and differentials are built in ranges up to 4” of 
water using Meriam Red Oil. From the 1%” 
through the 2” range, the gauge is built in 14’ 
steps with scale graduated in 1/100 inches of 
water pressure. In the 3” and 4” range the scale 
is graduated in 1/50 inches of water. Furnished 
complete with standard accessories ready for in- 
stallation. Ask for Bulletin 4. 


THE MERIAM COMPANY 
Since 1911 
1971 West 112th St., Cleveland 2, Ohio 
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OF PRESSURES, VACUUMS AND FLOWS OF LIQUIDS AND GASES 
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Forced-oscillation Approach to the Problem of 


the Controlled Continuous Process 
Concluded from Page 476 


It is evident then that any sine wave disturbance will 
pass through the process with less distortion than those of 
other shapes. As we have seen, the ideal control mechanism 
resembles a simple oscillating system and would produce a 
simple harmonic “output.” This “output” would then intro- 
duce a sine wave action into the valve which would pass on 
down the process to be measured and be reintroduced into 
the “input” of the controller. An automatic-control circuit 
is a round-the-circle or dog-chasing-his-tail proposition. 
Since we have had the problem of closing the circle by con- 
necting the action of the valve to the measuring element, it 
is fortunate that the action on the process will be a sine 
wave since this or the cosine is the only function which will 
easily express a wave traveling along a process.2 We may 
say then that when 


Qs = Qs max sin Kt, Tw = CQ)s max sin(Kt—¢), 


or the temperature wave is a definite percentage of the 
steam wave but differs in phase by an angle ¢ as shown in 
Fig. 9. 


Tw = ¢ Qz,,,,005 (Kt - 9) 
Qs 
Ty 





- 


7/(mwe—> 


| 
baal 


Fig. 9. Process lag. 


The control circle is now completed and the next thing to 
do is see if the whole thing might not perform as a forced 
oscillating system. First consider the equation? for a simple 
mechanical oscillating system shown in Fig. 7. 


d2@ 





de 
S=Fe+D—+M 
dt dt? 


D = damping coefficient 
M = mass or inertia 


where S = applied force 
6 = displacement 
F' = restoring force coefficient 


If S=0, or no external force is being applied to the sys- 
tem, it will follow one of the transient curves below depend- 
ing on the relationship between the three constants: 


@=—e"/™* (m,e** -+- mee **) when D2/F >4M; 
o@=e"/™ (at + b) when D2/F =4M;; 
6 = e?*/™ (m, sin lt + m2 cos lt) when D2/F <4M; 


where the above constants depend on F’,, D, M. 


If S= Ensx cos pt, or a simple harmonic force is applied 
to the system, it will follow the curve below: 


6 = e-°*/™ (m, sin lt + m2 cos lt) + K3 cos (pt-—¢) 
when D2/F <4M 


where the constants depend on D, F, M, Emax, P. It is evi- 
dent that the difference in the above systems for the forced 
and nonforced conditions is the term Kz cos (pt-— 6). This 
means that each system will come to rest after a disturb- 
ance depending on the values of the constants except that 
the forced oscillating system will continue to vibrate at the 
frequency of the forcing oscillation, but out of phase. 





(2) C. O. Fairchild. “Elementary Theory of Automatic Tem- 
perature Control.” Instruments, Vol. 13, Nov. 1940, pages 334-339. 
(2) John H. Neely & J. I. Tracy. Differential and Integral Cal- 
culus, Macmillan Co., New York. Page 474 of first (1935) edition ; 
page 476 and second (1939) edition. 
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Returning to the process again let us start with 
steam flow. 

















Qs = KsV, 
dQ dV dA 12 
or ~ = Ks Ks (AA + B——+C a ) 
dt dt dt dt? 
Then, when Qs = Qsmax sin Kt 
dQs d(sin AY) 
= ——_—_—— = Acos Y 
dt dt 
dA d? 
= Qsmx cos Kt= Ks (AA + B——+ Come 
dt dt2 
A d2 
= PAt+ J—rt a 
dt dt2 


the solution of which is, as for the mechanical system 
A= e7*/® (mz sin lt + m4 cos It) +K4 cos (Kt-¢) 


where K4 and ¢ are dependent on the constants P, J, R and 
KQsmax. It is evident that if ¢ is of such value that it coin- 
cides with the phase difference produced by the process lag, 
conditions for sustained oscillations are set up. If the con- 
stants are changed to throw ¢ out of phase with the process 
lag, then, conditions which prevent oscillation are brought 
into effect. The system has now become an oscillator which 
can be “tuned” to steady oscillation OR DAMPED OUT WITH 
“DETUNING” BY ADJUSTING THE CONTROL-MECHANISM CON- 
STANTS. This tuning is accomplished by variation of the 
constants P, J, R, or returning, positioning, and boosting 
actions; which is the equivalent of varying the restoring 
force, damping, and mass of the mechanical system. 


CONCLUSION 


If an automatic process control circuit is set up under 
ideal conditions with adjustable returning, positioning, 
and boosting actions for the control mechanism, the circuit 
will follow equations similar to those for a simple forced 
mechanical oscillating system. 


The question arises as to what is the value of considering 
a process control as a forced oscillator; we are not inter- 
ested in maintaining oscillations in a system but in pre- 
venting them, and in automatic-control work we deal almost 
entirely with transients as the result of disturbances. The 
best answer is that in knowing how to treat the process as 
an oscillator, we know how to prevent oscillations. In me- 
chanical! oscillators proper damping can be secured by ad- 
justment of the constants of force, friction, and inertia. 
Likewise in electrical systems oscillation or degeneration 
can be attained by adjustments of inductance, resistance, 
and capacitance. Process controllers should follow the same 
treatment. 

In setting up an ideal control circuit we have had to 
make a number of assumptions. Those pertaining to the 
controller are stated in the Introduction. Those pertaining 
to the process are: First, that there was only one variable 
disturbance, namely the input temperature, and that input 
flow and supply temperature were constant. In actual prac- 
tice an automatic controller will have to cope with a num- 
ber of variables, but good design of the process will hold 
these to a minimum. Second, the supply limits with the 
valve wide open or closed were not considered. Again good 
design is required to assure that the process operates on 
the center range of the valve and careful control adjust- 
ment then permits operation without running to the valve 
limits. Finally, the lags were considered sufficient to assure 
simple harmonic output for a periodic disturbance. In actual 
practice, if the capacity of the system is small, irregular 
disturbances will be transmitted without distortion. Opera 
tion of the control would not be affected, however, unless 
the irregularities were extremely great. 

While the direct use in automatic process control work 
of the equations of motion for forced oscillating mechanical 
or electrical systems imposes limitations on the controlled 
process, something certainly should be gained in the knowl- 
edge of control behavior by such an analogy. 
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AUTOMATIC 
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. 6-trace Recording 


pickups may be connected directly 
without amplifiers to our high sensi- 
tivity galvanometers. Ask for Circular 


A 400-R on your company letterhead. 
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Speed-Up 
ALL FIELD 
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Use the 
Paulin Surveying 
Aneroid 


Preliminary surveys 
for highway con- 
struction, drainage 
and irrigation sys- 
tems, dams, water 
lines, mine ventila- 
tion surveys, all divisions of civil engi- 
neering are speeded up by the NEW 
Paulin Precision Surveying Aneroid. Read- 
ings to two feet over a range of 4500 feet 
are as easy as reading a watch. Other 
models cover ranges to 18,000 feet. Write 
for complete literature and FREE COPY 
of the Paulin Altimetry Manual also full 
information on Paulin Precision Burom- 
eters. 
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Graphical Analysis of Process Transients 


Concluded from page 472 
(8) A. F, Spitzglass. “Quantitative Ana}. 
ysis of Single-capacity Processes.” Trans. 
actions A.S.M.E., Vol. 60, Nov. 1938, pages 
665-674, with 3 figs. Comparison of met} 8 
of quantitative analysis of continuous = 


cess regulation; fundamental considerat ns 


s 
underlying process analysis, and simplify- 
| ing assumptions necessary for mathemat- 
ical treatment; equations of the regulator, 


ind their combination with those of the 
process ; bibliography. ¥ 
(9) E. S. Bristol & J. C. Peters. “Some 
Fundamental Considerations in the Appli- 
cation of Automatic Control to Continuous 
Processes.” Transactions A.S.M.E., Vol. 606 
1938, pages 641-650, with 14 figs. Funda- 
mental characteristics of continuous pro 
cesses and automatic controllers, with 
ticular attention to the control of tem, 











ture; curves showing the response to sudden ste 
load changes; terminology; bibliograpl ht 
pig 


(10) J. C. Peters, “Experimental Studies 
of Automatic Control.” Transactions A.§ 

u., Vol. 64, April 1942, pages 247-255 
with 13 figs. Equipment of the Leeds &@ 
Northrup Co., for testing automatic n- 
trol mechanisms of several models of n- 
trol; typical results; bibliography, discus- 
S10oiJ1S, 

(11) H. H. Gorrie. ‘Selecting Automat 
Control Equipment for Continuous Proc- 
esses.”” Instruments, Vol. 13, April 1940, 
pages 100-102 (109); with 3 figs. Basic ele- 
ments of control systems and their classi- 
fication. Typical control problems. Temper- 
ature control: heat storage, transfer lag 
transportation lag and controller lag. Pres 
sure and level control: energy storage 
controller lag. Draft and flow control. 

(12) C. O. Fairchild, “Elementary Theory 
of Automatic Temperature Control.” /n- 
struments, Vol. 13, Nov. 1940, pages 334- 
339, with 4 figs. Derivation of differentia 
equations of heat transfer for the stead 
state and for the varying state. Bibliog- 














Deliveries under government requirements are facilitated 


lohan a LeMBE-ta-s Me ibl oboe) eteu-loietel-Miela-t-beth2-La leet Meoseslestetter-mmae raphy. 

hea leh ae telesales Babe) (amieltiaeltia (13) Nicholas Minorsky. ‘Control Prob- £ 
lems.” Journal of the Franklin Institute 

TRIPLETT ELECTRICAL INSTRUMENT CO. © BLUFFTON, OHIO Vol. 232, Nov. 1941, pages 451-487 and De 


1941, pages 519-551; with 6 figs. Applica- 
tion of operational calculus to linear cor 
trol problems; general properties of line 
systems acted upon by linear controls 
bility of controlled systems;  non-line 
control problems; bibliography. 

(14) W. Oppelt. “Vergleichende Betr 
tung verschiedener Regelaufgaben hinsicht- 
lich der geeigneten Regelgesetzmaessigkeit 
Luftfahrtforschung, Vol, 16, No. 8. Aug. 24, 
1939, pages 447-472. English Translatior 
“Comparison of Automatic Control Syster 
N.A.C.A. Technical Memorandum 996 
supplement. Automatic control of pres 
temperature, speed of rotation, directior 
comparison of “faultless” regulator wit 
actual regulators; analysis aids comprehen- 
sion of the regulating process. 

(15) J. G. Ziegler and N. B. Nichols 
“Process Lags in Automatic-control Ci 
cuits.”” Transactions A.S.M.E., Vol, 65, N 

July 1943, pages 433-444, with 17 figs 
Quantitative determination by measuring 
the area under recovery curves. Term “re- 
covery factor’ introduced and values give! 
for various industrial applications. Means 


igh 
STOKES H for reducing lag. Bibliography. Discussions 
lg by numerous workers in the process field 
(16) Kalman J. DeJuhasz. “Graphic: 
Vacuum GAUGES Analysis of Transient Phenomena in Line 


Flow.” Journal of The Franklin Institute 
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tronic items : 
} most of which For Quick, Accurate Measurements Vol. 223, April 1937, pages 463-493; Ma Pipe 
| i cae ee Bae ee ee a ae, ae 
D isch} Bend fo in Laboratory or Plant 1937, pages 643-654; June 1937, pag e che 
; gv nce f you 778; with 36 figs. Concepts and methods | ombinati 
are actively engaged in : aintai -j , ; racu graphic dynamics as applied to flow prob- 
punchesing. specifying or ex Buying Maintain the efhciency o< your vacuum lems of water hammer and fuel injection andard | 
pediting for the war effort A Guide apparatus, pumps, etc. Check vacuum pres- theoretical derivation of formulas; exten- nusual mn 
wens Bex GF-S. sures in processing operations. Obtain ac- sive bibliogranhy. : pes pre 
WE EXPEDITE curate quantitative readings in your lab- halman J. Deduhass, ——— lys i 
, , ( . 2es NLECNE "¢ . . gs. e rn rite 
i WITH THE UTMOST EFFICIENCY — work. . ‘ - The Franklin Institute. Vol. 226, Oct. 1905 hee ae 
I Suppliers to With Stokes High Vacuum Gauges pages 505-526; Nov. 1938, pages 631-644 Cc 
| INDUSTRIAL MANUFACTURERS readings are obtainable in only a few sec- with 26 figs. a - 
i RESEARCH LABORATORIES onds, in rapid succession, without the use Kalman J. DeJuhasz. “Graphical Analyst 
AIRCRAFT PLANTS oe of Free Vibrations in Helical Springs. 
Mi U. S. ARMY SIGNAL CORPS of reference vacuums, asssting gauges, Journal of The Franklin Institute, Vol. 227, 
iit eK : t ies ] ical c ions : May 1939, pages 647-672; with 10 figs. Ap 
ii | and many other government agencies yatteries or electrical connections ... as May 1939, na - 
i easily as reading an ordinary thermometer. ne ea of graphic dynamics to spring 
it — Telephone BArclay 7-1840 — Two models, calibrated for use within Kalman J. DeJuhasz. “Graphical Analysis 
New York's Oldest Radio Supply House the micron and .5 mm. ranges. Portable of Transient Phenomena in Flectric Cir 
or permanent mounting. Light weight. a a Journal ~, ge Fk ank! n Ins i 
aoe . oe rol. 228, Sent. 1939. pages 339-373 th 
Rugged. Write for Bulletin 42-G with 91 fies. Application of graphic dynamics to 


R AD | 0 C 0 F complete description, prices, etc. sletiitesh gunmen: Genare and ooue 
circuits with transmission line, canacit 
F, J. STOKES MACHINE co. induetance, and resistance in various 


binations. 
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aaleae f AIR EXPRESS shipments receive such careful handling that the need for heavy 
Ra cases and bulky packing is often eliminated. Whether your shipment weighs 
Ls gage a pound or a ton, follow these two simple rules to cut AIR EXPRESS costs 
—— and to save space vitally needed for war goods: 

ilrection * 


tor will 
mprehen- 


1. Pack compactly, but securely —to obtain best ratio of size to weight. 








Nichols, aa 2. Break large shipments into smaller units whenever possible. 
trol Cir- icles 
tif” And for fastest delivery—ship early, as soon as package is ready—as early 
neasuring in the day as possible. 
erm “t available. ‘ 
ues giver 
Ss Mea 
ge vie: e 
— Air Express Speeds War Program 
+raphica The advanta f th Il-k - 
rraphica ges o ose we nown green : 
’ Lit colored power resistors found in quality in- TODAY, AIR EXPRESS not only serves the home front but is also working hand 
nstitul ° ‘ . . ° . 
93: May [etuments are now further extended by the in hand with the Army and Navy to supply our fighting fronts the world over. 
ages 751. [ide choice of mountings, terminals, taps, ’ ; ? 
neg ombinations, etc. If the wide selection of TOMORROW, air ExPREss will girdle the globe in international peacetime com- 


andard Greenohms does not meet your more 
3: exten fBusual needs, let us design and make special 
pes precisely fitted to your requirements. 


merce... to bring all foreign markets to the doorstep of American business. 





se Write for catalog. Send along that resist- 
621-644. ere’ or control problem. 
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b cLAROSTAT “ 
a . ) Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
y ; Representing the AIRLINES of the United States 


write for our quick-reference handbook on “How to Ship by air EXPRESS 
During Wartime.” Dept. PR-3, Railway Express Agency, 230 Park Ave., New York 17, N.Y. 
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of Impact of Elastic Bars.” Transactions 
A.S.M.E., Journal of Applied Mechanics, 
Vol. 9. Sept. 1942, pages A-122-A-128; wit} 
14 figs. Application of graphic dynamics t I 
the longitudinal central impact of elasti: I 
bars of various lengths, cross sections, elas 
tic properties; state of energy before an 
after impact. 
Oscillographic Measurements in Spot 
Welding Research 
Concluded from page 479 
shunt, from sheet-to-sheet and fron ere 
electrode-to-sheet. Since the shunt wit! St 
its galvanometer is calibrated in terms som 
of amperes per unit deflection and the ! 
other galvanometers are calibrated in pha 
terms of volts per unit deflection, in may 
stantaneous values of resistance can tf 
be calculated by Ohm’s law, R= E/I. cont 
The potential connections are mad A 
in such a way that the sheet-to-sheet ty pe 
resistance, as measured, includes the to s 
body resistance of one sheet as shown This 
in Fig. 4. Likewise the electrode-to- quic 
sheet resistance includes the body re- equi 
sistance of one-half sheet as shown in chec 
the same figure. By keeping each pair heat 
of potential connections as nearly as 
possible in a plane perpendicular to the 
SHEET-TO-SHEET 
RESISTANCE 
T 
4) 
7) 
AFTER THE WAR | :* 
eee r) ° 
NEW HORIZONS! : 
With the "GO" signal . . . rapid strides in all industries will fill the gap occu- ul 2) 
pied by war. And PALMER will give you a full-dollar value with the finest z 
Thermometer ever to be made. - 
In your Post-War plans . . . you don't want to forget that Palmer Thermometers < 1) 
have an important place in your plant. o wevennnte-queet w 
Today .. . for Good Thermometers remember: RESISTANCE 
iI—EASY-READING “RED-READING-MERCURY" — a sis i ecittiosl 
2—GUARANTEED ACCURACY by means of cxcliogag. = = 
3—BUILT FOR LONG LIFE 
ae electrode axis, the error due to induc- Fig 
(Write for catalog) tive effects is negligible at all ordinary teristi 
values of welding current. When de- 
T bat E Pp A L ad - R oO M4 & A N Ze ha $ f$._ sired, instantaneous values of power, in e) 
INDUSTRIAL, LABORATORY, DIAL & RECORDING THERMOMETERS P—EI, can also be calculated from weld 
251! Norwood Ave., Cincinnati, Norwood, O.—Canadian Plant: King & George Sts., Toronto the oscillograms. Some typical Sheet- in o 
to-sheet resistance characteristics of appa 
spot welds in mild steel are shown in sure, 
Fig. 5. These welds were made with this 
ENGINEERS and PHYSICISTS alternating current which was allowed its i 
‘ ; to flow for a time of 6 cycles. At the vari: 
To become permanent members years’ experience in the de- start of the weld the total resistance sing] 
of project development staff of velopment and design of small was high, consisting of a high contact syncl 
a nationally known industry lo- _ electro - mechanical devices, a resistance and a low body resistance. spot- 
cated in New York area, now broad knowledge of physics During the first half-cycle of current Mi 
engaged in the production and and electricity, also ability to flow the total resistance decreased very prese 
development of aircraft instru- handle contacts with outside rapidly due to the rapid reduction of tail i 
ments and other aircraft equip- suppliers and Governmental the contact resistance. As the current The 
ment vital to the war effort. Agencies. continued to flow, the contact resistal + other 
? ; Repl ——- disappeared during the formation of inter 
; Those selected for these po A ae : the weld and the body resistance of the of th 
sitions will be retained after experience, personal qualifica- metal increased due to its rising tem- "i 
the war to develop commercial tions and date of availability. perature.’ The resistance of the weld sae 
instruments if they prove them- Box 87, Instruments Publish- made at 14.9 kiloamperes fell off rap- 
selves capable. ing Co., 1117 Wolfendale St., en ayi®? 
The work requires several _ Pittsburgh, Pa. Spot Welding.” Welding Journal, Octot Treat 
1939, Research Supplement, pages 374-38 > 
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sactions : aes 
chanics, at the end, due to expulsion of Pe 
ay molten metal which was accompanied | | 
elastic by a reduction in thickness of the metal | | 
as, elas veen the two electrodes. Similar 
re an . . 
ilyses of oscillographic records have 
very useful in determining the 
Spot itive importance of contact resist- 
‘e and body resistance in welding 
other metals, the effectiveness -of dif- 
1 fron ferent surface treatments, etc.8 Analy- 
nt wit! ses of instantaneous power have shown 
. terms some interesting effects of high contact 
ind the resistance at the start of the weld and 
ated in phase differences with respect to the 
on, in maximum rate of heat generation at 
ce can the sheet-to-sheet and electrode-to-sheet 
E/I. contacts. 
> made At this laboratory the cathode-ray | 
0-sheet type of oscillograph is frequently used 
les the to supplement the electromagnetic type. 
shown This instrument is most useful for | 
‘ode-to- quick tests of the welding and control 
dy re- equipment. It is particularly useful in 
Own in checking the performance of time and 
ch pair heat control apparatus for a-c. welders, | 
arly as 
* to the ! 
HOT ROLLED, ANNEALED & PICKLED | | oe : giao 
Pad pesky ? Lis ie tet mie Be fe reg 
Mi TEEL 0.047" THICK | § Bercre rit i feos : peat eee en ee: ; rt b= PAE ead Cede 
EET - STEE 3 bs b iS : Sires ba! fe sg ribo ee Lara rit 
- 1/4" DIAMETER FLAT TIP ELECTRODES 
_g| ELECTRODE PRESSURE 15,000 RSI. 
4x10 
These Frahm Resonant-Reed Tachometers have taken 
aN | F ‘ : 
, Fe a beating. Designed for permanent mounting, they 
7) -5|: P aw ey [te | | : z 
) = 3x10}; + - ' | have been used as portable instruments, continuously 
. 8 Foe | | ' 
° 1 4 f- | for 22 years, on the test floor of a turbine manufacturer. 
z vil ° ° ° 
+ / / | i When returned to us for repair and recalibration we 
2xi f n 
WJ | a 
oO SHEET-TO-SHEET | found that, except for one reed which had been broken, 
z RESISTANCE 1114.9 | | 
2 3 i . | e ° . 
< u | no reed registered more than 2% out of calibration 
| 
Yo . CURRENT | | ee . 
= xl IN KILO- | | and nearly all were correct within 1%. The instru- 
WJ AMPERES | | : : 
ac | ments have been repaired and are now back in the 
same hard service. 
indirectly 1) e 
Ss t+ ¢- 2 € 6 *€ Frahm Resonant-Reed Tachometers are simple and 
ve TIME IN CYCLES 60~ rugged in construction ... accurate and dependable in | 
int uc- Fig. 5. Typical sheet-to-sheet resistance charac- : = c . | 
-dinary teristics of spot welds in mild steel. operation. With no parts to wear, adjust, lubricate or 
en de- ‘ P eae 
vas _ >new they give ye »-free service. 
power, In examining the current wave-form in senans yY8 ates of trouble-free service. Built in i 
1 from welders of the energy-storage type, and types for permanent mounting, and for hand use in | 
sheet- in operating the electric strain gage — . G 3 . 
nena apparatus for measuring electrode pres- servicing, testing, installation and maintenance work. 
own in sure. The Uh - gies | Oi ie 2 
tegeud “8 - The most serious limitations of Various ranges available from 900 to 30,000 R.P.M. 
e wW “ this instrument in its usual form are 
allowed its inability to record more than one For a complete description of the 
At the variable at a time and the lack of a 
+ ae ‘ Frahm T te ther wi 
istance Single-sweep control which could be m Tachometer together with 
contact Synchronized with the operation of a list of types and ranges commonly 
stance. spot-welding machine. lied see for Bulletin 15901 
-urren ‘ su 1e write for Dulletin ° 
vurrent Much of the above material has been PP 
od very " a . 
. A presented previously and in greater de- 
wn tail in publications devoted to welding. 
surrel The ; a . a eer ae: ° 
ae author hopes that investigators in The same instruments shown above, 
. f other fields may find the present article : ’ . 
o interesting and useful. For the benefit after repair and recalibration in the 
of tne of those investigators who desire fur- > . 
g ai ? ther information, complete references Biddle Repair Department. 
——" are given. 
ff ri ae 
, ( Be F. Hess, R. A. Wyant and B. L. 
ance in ‘verbach, “An Investigation of the Surface 
fete I z on eee 24S-T in Preparation JAMES G BIDDLE C0 ® 1211-13 ARCH — 
74-38 or Spot Welding.” Welding Journal, June 
1942, Research Supplement, pages 257-265. | - ° PHILADELPHIA, PENN 
August 1943—Instruments—Page 511 



































The Mark of 
Effective Control 


Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level,flow and other 
factors as applied to industria! 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


Boiler Meters 
for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 
in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, tem- 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 
cating, recording and 





integrating the flow of 


Control Drive 


steam, water, sewage, 
air, gas and other fluids. Bulletins 


No. 39 and 300. 


Recorders for pressure, temper- 
ature, drafts, liquid level and other 
factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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The Month’s NEW. 


INSTRUMENTS 


In this department we strive to report each month ALL the new devices for meas- 
urement, inspection, testing, metering and automatic control—in the form of concise 
technical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company. 








Instrumentation Motor 


New small self-starting constant-speed 
motor is said to maintain superior speed 
regulation under wide variations of voltage, 
load, and temperature. Measuring 43¢” 


Selenium Rectifier Stacks 
Selenium rectifier stacks have been added 
to maker’s “Tungar” and copper oxide rec- 
tiflers and new production facilities h; 
been set up. Electrical characteristics 





3144” * 3%”, new “Rotom Motor” is avail- 
able for operation on 110 or 220 volt, 50 on 
60 cycle source at 14 watts input. Gears 
are of helical-cut laminated Bakelite for 
quiet operation and are completely enclosed 
and protected. Forced ventilation 
cool operation. Motor is said to have large 
bearings and ample oil reserves. Shipping 
weight is said to be “5/2 lbs.""—Rotom Mfg. 
Co., Alhambra, Calif. 


assures 


Ultra-small Oil Capacitors 
New “Type 38” ultra-small oil-impreg- 
nated oil-filled tubular capacitors for use 
in assemblies where both space and weight 
are at absolute minimum, were originally 





designed as metal-cased alternates for mica 
capacitors (see illustration) but are now 
being used for newly-designed equipment. 
Despite extreme compactness, new units are 
said to meet many conditions to which the 
replaced mica capacitors are normally sub- 
jected, and to meet all standard specifica- 
tions for paper dielectric capacitors used as 
mica alternates. Units are available with 
both terminals insulated or with one termi- 
nal grounded to the case. Pigtail terminals. 
Normally supplied without outer sleeve but 
ean be had with insulating jacket adding 
1/16” to diameter and length. 1” and 
1-3/16” long, 5/16” and 7/16” diameters. 
Castor (Hyvol) or mineral oil impregnant 
and fill. 300 to 800 v. D.C.W. Capacitances 
from 0.001 to 0.01 mfd.—Aerovox Corp., 
New Bedford, Mass. 


selenium rectifiers are said to have been 
greatly improved: better forward current 
characteristics and extremely low leakage 
made possible by a new an 
process. As with 


are said to be 
patented manufacturing 
other types of metallic. rectifiers, seleniu 
stacks can be arranged to obtain higher 
current output by connecting 
parallel, and higher voltage ratings by con- 
necting stacks in Announcement 
states that selenium’ stacks lighter in 
weight and smaller in overall size than any 
other type of metallic rectifier. New stacks 
can be bolt mounted or stud mounted di- 
rectly to equipment assemblies; are also 
available with mounting brackets of vari- 
ous types for convenient assembly to panels, 
etc.—A & M Dep't, General Electric Co 
Bridgeport, Conn. 


stacks In 


series. 


Tachometer Test Drive 
variable-speed test 


tachometers is 
i]- 


New self-contained 
drive for testing aircraft 
of fully-enclosed, splash-lubricated, 
metal construction, with %4-h.p. electric mo- 


f 





tor integrally mounted on one end. It 
izes maker’s “V.R.D.” speed variator, has 
an over-all speed ratio of 10 to 1, an 
furnished with four vertical drive shafts 
for mounting of tachometers, or with specia! 
swivel head to permit testing in either 

izontal or vertical position, as may be 

sired. The four drives can be supplied 
alike or in any desired combination. An 
terchangeable type of drive can also be f 
nished. Illustration shows a V.R.D. test 


t 








\ 


L730 Pim Crncee \ 


“ 


two types of drives (two of each). 
ilable output shaft speeds are 200 to 
250 to 2500, 300 to 3000 r.p.m., ete. 
ther feature of unit permits selection of 
tion of rotation of each shaft: It is ( 
ible to operate two tachometers in one 


tion and two in the opposite direction y 

iltaneously. Infinite speed control can / , 
ybtained by turning a hand wheel, re- / 

| 5.84 total turns for 10-to-1 speed 


ng 
Hand-wheel-operated vernier control, 


ratio of 7.5:1 or 30:1, ean ve fur | [{§ ONLY AS GOOD AS ITS 


ed for more precise speed variation. 


meas- ] 1 and pointer indicates speed ratio set- 
nci t However, for more accurate require- 
cise ts a fifth drive can be supplied on gear nN 


1 this box. This can be a shaft for connection to 
pany. boscope or strobotron; or it can be a \ 
of either of two types shown in pho- \ 
iph, for connection to master tachom- 
Speed change mechanism employs two y 


of opposed conical disks, between 

















‘ks " h an all-metal side-contact V.R.D. rolle1 & 
in transmits the power. On changing < 
*n added d by turning hand control wheel, this b 
cide rec- f-adjusting chain rises between one set OMA AID ETA HIS 
ies have ( lisks and descends between the other, so ™~S 
istics of that while the input shaft, connected to mo- “SS 
tor, turns at constant speed, the speed of ~~ 
four output shafts is adjustable to the de- ~ 





ed r.p.m. Speed changes are said to be a 


easily and smoothly without stopping 
tl irive.—Link-Belt Co., Philadelphia 49, 


Penna ; HATHAWAY GALVANOMETERS 


Cathode-ray Tube Socket (for oscillographs) 


New one-piece molded construction cath- e ’ ° . - : . \ 
ode-ray tube socket was designed to com- (‘heart’ of a wide variety of recording instruments) have reached such 
pletely enclose and seal the contacts against 
temperature and humidity conditions. It is 





perfection that galvanometers are no longer a limiting factor in the 


operation of the whole instrument. 





















ve been 
roe Type OA-2, illustrated, is a bifilar galvanometer for applications 
eakagre 7 
new and requiring high-frequency response, low power input, and ability to 
As with ‘ , 2 i ‘ 
seleniur function under extreme vibration. Its precision optical elements guaran- 
high¢ c . . . . ° - 
i rage tees records of highest quality. Moving element is a single loop of fine 
ackKs n ¢ 
ob metallic ribbon, tightly stretched between the poles of a powerful per- 
incemen 
hter in manent magnet. Recommended for recording frequencies above 250 
han any ; ‘ i ; TE 
w stacks cycles. Can be supplied with sensitivity as high as 50 millimeters per 
ed di- “W4° : 
avoggion milliampere at 1 meter, or natural frequency as high as 10,000 cycles 
= per second! Other types of oscillograph galvanometers are available for 
O panels, . i Ae ¢ . 
tric Co higher sensitivities at lower frequencies. 
said to provide high voltage flashover at Write for factual bulletin 
e high altitudes and high resistance between i 
adjacent pins. An added feature is its strain ' 
ed test relief ring which protects the soldered ' 
sters is i] ’ ’ / 
eters t INSTRUMENTS } 
ed, Lil S MOUNTING HOLES + ) | 
: a ee \ i" 
‘tric mo- ie acatws . = \W \ j 
“Gi Toko : | W 
AOvUT TMENT \ | 
wa X 1315 SO. CLARKSON—DENVER, COLO. i 
en 2 CONTACT 
¢ 
\ 7 7 | 
J acnees l ti O ll } ht 1%” 
, R| 4 <* Taseat riated . r acceleration, vera 1e1fgNn 4°, approx, 
: ay) pelea A Aircraft Pow er Relay 3.” of which is taken up by Bakelite mold- 
% : & TIN New “Bulletin 103” Relay is designed to ed insulating base which is arranged for 
_ meet aircraft requirements for a _ small, two-hole mounting. 344” by 134” base adds 
Noe msuaten sturdy relay, to operate on low d-c. voltage, rigidly to relay assembly and promotes re- 
“Tor View OF SOCKET Jesmax. Carry an appreciable load, and perform sistance to vibration and shock. Armature 
ANO BASE CLAMP r ——— - s > ~— i 7 x = 
—— under vibration, shock and high values of and contact assembly are said to be de- 


ENLARGED ViEw OF 
Base CONTACT @ LEAD ASSEMBLY signed to eliminate possibility of vibration 


or acceleration dislodging them from either 
position. In acceleration, relay exceeds 10G 
tests and is good up to vibrations of 60 
cycles and 1/32” amplitude. Husky terminal 











. It util- t ~ EE inserts, firmly molded in base, with a gen- 
itor, has Suase i , erous amount of running thread, facilitate 
, an s DIT RING front connections. Relay coil is paper layer 
e shafts f+ 2.088 ——_-+ wound and impregnated to assure protec- 
h spe al tion against climatic conditions. Normally- 
ther : Joints against vibration pull or twist of the open s-p.s-t. contacts are rated 25 amps. at 
vy be e- wit Franklin Cathode-ray Tube Sockets 24 volts d.c. non-inductive load, with good 
plied ll al ipplied in either assembled units com- characteristics on inductive loads. Contact 
» An in- pl with cable or ready for assembly.— gap and tail spring tension are adjustable. 
0 be fur- Franklin Mfg. Co., 175 Varick St., New Ward Leonard Electric Co., Mount Ver- 
test unit York City. non, N. Y. 
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Available in sizes up to 75 KVA 
Send for POWERSTAT Bulletin 149 SI and 
Automatic Voltage Regulator Bulletin 163 SI 


PUSH BUTTON OR AUTOMATIC CONTROL OF LARGE AMOUNTS OF POWER 


Should you require smooth regulation, accurate, continuous and distortionless 
control of AC voltage or power in single or polyphase circuits, investigate 
POWERSTAT MOTOR-DRIVEN VARIABLE TRANSFORMERS 


SUPERIOR ELECTRIC COMPANY 


133 LAUREL STREET . BRISTOL, CONNECTICUT 


Manufactured only by 








RUBICON PORTABLE 
PRECISION POTENTIOMETER 


Amthor 





Operation Speed 
Recorder 


Built for severe service. Users 
report 10, 12 or more years of 
trouble-free life. Powerful cen- 
trifugal speed-measuring ele- 
ment stays calibrated. Non-spill 
reservoir pen. Special chart 
paper. Rugged clock movement. 
Ideal for analysis of new War 
Effort jobs. 
Immediate and intelligent 


attention will be given to 
your inquiries on ail indus- 


8°’ Chart 
12 or 24 br. 





Available in a number of double-range 
combinations, such as 1 volt and .1 volt, 
100 MV and 10 MV, also in pH ranges 
Guaranteed accuracy .1%. An outstand- 
ing value. 

Described in Bulletin 270 which also 
describes Rubicon High Precision Type B 
Laboratory Potentiometer. 

We also make galvanometers, colorim- 
eters, permeameters, Wheatstone and 
Kelvin Bridges, resistance standards, coil 
testers, acronographs. 


aan Bier aso tes Descriptive bulletins available on request. 
today. 


RUBICON COMPANY 


Electrical Instrument Makers 
Ridge Ave. at 35th St., Philadelphia, Pa. 


Amthor Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Broeklyn, M. Y. 
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“‘Sealed-chamber” Midget Relay 


One of safety features of new midget re- 
lay is a “sealed’’ chamber which serve s 
effective are quench and effectively reduces 


} 


fire and explosion hazards, it is said. Whilk 





rated at 25 amps., new relay operates satis- 
factorily at 50 amps. and has tested with- 
out failure at 20 amps. high inductive 
load, it is Overtravel spring insures 
positive contact pressure and instant “break 


said. 


release. It is tamper-proof because factory 
adjusted and sealed. Another feature is that 
contacts, if worn with excessive use, may be 
reversed in the field, providing new surfaces 
without disturbing adjustment. New relay 
unit has withstood Army tests including 
overload ; vibration 55 cycles per second wit! 
0.06” excursion; acceleration of 10G@; 200- 
Electrical Products Corp., 
Los Angeles, Calif. 


hour salt spray. 
1322 S. Grand Ave., 


Production Hardness Tester 

New hardness tester for Rockwell test- 
ing is announced in three models, “US8,” 
“US12” and “US16"; is said to embody 
number of features contributing to accuracy 





operat n 


and 
are a frictionless spindle 


of measurement 
Among these 
provides a correct minor load at all t s 
“Zero Drag Trip’’ said to eliminate ft 


speed of 


or drag on loading beam and assur‘ I 
sistent accuracy of tl major load al 
indicator adjustment affording a conver t 
simple means of maintaining accura f 
readings; and a minor load adjust nt 
Other features: fully-enclosed  ele\ : 
screw with self-lubricating oil reservoi d 
an adjustable steady rest. Instrumen! 15 


supplied complete with diamond cone 











2 


“ SS 


t Relay 


midget 
serve 
ly red 
aid. W 


ates satis- 
sted with- 

inductive 
ng insures 
nt “break 
se factory 
ure is that 
se, may be 
w surfaces 
New relay 
including 
econd wit! 
10G; 200- 


ucts Corp., 


Calif. 


Tester 


‘well test- 


ls, “US8,” 


embody a 
» accuracy 











(|) 


SURFACE 
PLATES 


Affords You These 
Advantages: 


J—Accuracy .0002, .0003, .0004, .0005. 


Checked carefully with optical in- 


tw 


strument. 


$—Hard surface. Wear shown as 
scratches. These do not affect ac- 
curacy unless grouped densely. 


Scratches do not burr. 


4—Low co-efficient of expansion Fahr- 
4.45 X< 10-6. Temperature 
changes have little effect. 


enheit. 


Requires no de-magnetizing. 


@—Non-rusting. Requires no oiling. 
7 


Transparent. Data or formulae may 
be placed under the flat for ready 
reference. 


&— Easy to check. Optical instruments 
for checking purposes available in 
most large centers. 


§—Replaces critical material. 


COST of Cadillac Surface 
Plates is low—probably less than 


Glass 


resurfacing a scraped steel plate. 
Long lived—Prompt delivery. Packed 
in individual 


which forms a protecting cover. 


wood boxes, top of 
PRICES, from $11 to $90, depend 


ent upon size and degree of accuracy 
wanted. 


CADILLAC GLASS C0. 


900 WEST CERMAK ROAD 
CHICAGO, ILLINOIS 






















Chicego * Cleveland 
Detroit - Dalles 
Hartlord * Houston 
Indianapolis * Los Angeles 
Mamphis « Minneapolis 
Milwaukee » Montreal 
New York * Philadelphia 
Pittsburgh » Rochester 
Sen Francisco 
St. Louis + Toronto 
Windsor 





PRECISION MEASURING INSTRUMENTS 














Wighest i : 
LITTELFUSEFuse cups 3 


Another Littelfuse advance in Fuse Clips for utmost Dependability and Service. 


WHAT SILVER PLATING DOES FOR CLIPS 


@ Provides highest electrical conductivity, lowest 
electrical resistivity of all metals. 


® Lowers contact resistance averagely 20 percent. 
® Eliminates effects of oxidation. 


These benefits now added to superiorities of Littelfuse Be. Cu. Clips in strength 


elasticity, etc. Send for New Bulletin. 
LITTELFUSE INC. as ons ss a Wont cont 


Fuse Every Electrical Instrument with Littelfuses—for Safety! 











August 1943—I nstruments—Page 515 




















BARBER-COLMAN POWER UNIT 





ON NCRTH AMERICAN 
BUTTERFLY VALVE 


These POWER UNITS are ideally suited for industrial 
applications. They feature built-in limit switches and 
a high torque motor with gear reduction, oil sub- 
merged, for long life and dependable operation. 
Control action may be governed by a recording or 
indicating controller or other contact making control 
instruments. POWER UNITS are available 
for ‘‘on-off", floating, and proportioning 
modes of control, including proportioning 
with manual or automatic resetting. 













1202 ROCK STREET 
ROCKFORD, ILLINOIS 


BARBER-COLMAN COMPAN 


IGNITION HARNESS 
TEST SETS 


Silk. 


Screens 
for WAR work! 


A proved, ECONOMICAL method, in 
use by various war industries for repro- 
ducing DIALS, GAUGE, PANEL and 
INSTRUMENT markings, lettering, 
graduations, designs. 


NO MACHINERY REQUIRED. Highly 
satisfactory for quantities from 10 to 
10,000 impressions. 





High Voltage Test Equipment for 
checking Aircraft Ignition Harness 
in Service. 
Send us copy, drawing or blueprint for 
estimate on complete screen and full 


Specifications and Prices : 
details. 


upon request 





Silk Screen Supplies, Inc. 


33 LAFAYETTE AVE. 
BROOKLYN, N. Y. 


THE WINSLOW COMPANY 


INCORPORATED 
9 Liberty Street, Newark, N. J. 
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trator and steel ball penetrators for Rock wep 
testing and 


*’ seale, “B” scale 


on “¢ Ost 
other standard Rockwell scales. Three ap. 
vils are included: a standard 314” anvil for 
large flat bearing surface work; a spot apn. 
vil for most standard size pieces and fof} 
use with test blocks; and a vee any 
testing round and cylindrical parts. 
are in addition to the two smaller vee 


that form part of the adjustable steady 
Clark Instrument, Inc., 10300 Ford FP 
Dearborn, Wich. 


Vernier Height Gages 


Latest addition to maker’s line of pre 
tools is an 18” Vernier Height 
all working surfaces lapped 
wave-lengths of flat. It is also manufactured 


Gage. 


gage has 











als 


36” 





in 10”, 24” and sizes. Company 
announces that it manufacturers Glass Sur- 
face Plates in four sizes, optically ground 


to within five wave-lengths of flat. Glass ir 


these surface plates has a low coefficient 


‘ ; M8 

of expansion and a high stability of shar 4 
The McGrath St. Pau! Co., St. Paul, Min 

; : a ee For 

unit 

Balanced Relay Test Panel ment 

New “Model 81” Balanced Relay Test ™€% 

Panel is for testing aircraft and industri it is 

relays in production. No wires or exter! The r 

connection clips are needed; just insert r wuts 








lay on carriage which moves up and Ww 
Carriage can be arranged to take 

any type of commercial relays and, whe! 
fitted, motion of lever is directed upwal™@ 
into contact box which effectively elds 
operator from connection to high volt 

all times. Circuit is said to be arranged t 
duplicate actual field conditions by tu 


of complete variable control of field ¢ 
so that a complete and universal test mé 26-2 


for Rock welt 


le and ost 
. Three apn. 
a” anvil for 
; & Spot an- 
ces an for 


ee any for 
arts. These 




































































r vee anvils 
steady rest 
Ford Road 
iges 
of precision 
Gage. This 
lapped to 5 
anufactured 
— Ly 
2 8 j 
F FS 
4 & 3 Uj FOR PERMANENT MOUNTING 
es J 
eae Gp; 
Es A 
HE New Connelly Manometer, 
a: i 4 | model 3400—built for extra heavy 
Fey) duty—can be depended upon for ac- 
f rE curacy and long life under all condi- 
Es tions. 
| : , ‘ 
HE § It is made with large bore, clear glass 
Ee tubes — 34” in diameter — for easier 
—— reading even at a distance. Supplied 
| WES with a scale graduated either in inches 
‘ Ff and tenths or in metric measure. It is 
> gland packed, with drain plugs at the 
| ies bottom and is fitted for 1%” pipe con- 
wi nections. Made for use with either 
e FS water or special anti-freeze solution. 
~~ 
mpany als light ight E +? Connelly Model 3400 Manometers are 
Dongen ignrweig || ae carried in stock in five sizes. In addi- 
at. Glass it ¢ 4 ¢ yf S ww tion to these stock sizes, larger or inter- 
y i sll ww OO? ? > 6S mediate sizes can be supplied if de- 
Paul, Min sired. 
For example, take this hermetically-sealed 
unit designed by the N-Y-T Sample Depart- . . 8 
Panel ment. While it weighs only five ounces and Write today for bulletin giving 
Relay Test, measures but 1%” in diameter by 1%” high, further details and prices. 
d industri it is both immersion proof and shock-proof. 
or externa The moisture pouring off an icy transformer, 
fe aDBert which has just dived from a sub-zero temper- f:ae), SPONGE & 








») and yw 











ature in the stratosphere to a few thousand 
feet above a steaming tropical zone, may 
well be imagined. Protection must be assured 
in all phases of modern warfare; equally 
important to functional efficiency and accu- 
racy are size and weight. 

This is but one of the innumerable solutions 
for vital Army, Navy and Air Corps require- 
ments achieved by N-Y-T. Unceasing research 
and testing are embodied in every trans- 
former problem by our engineers. 


NEW YORK 
TRANSFORMER 
COMPANY 





26-28 WAVERLY PLACE NEW YORK, N. Y. 


CONNELLY 


GOVERNOR CO. 


CHICACO. ILL.—ELIZABETH N J 














WANTED! 
INSTRUMENT MEN 


An Aircraft Instrument Develop- 
ment Project needs Instrument 
Makers, Instrument Designers, and 
Precision Mechanics. Men with ex- 
perience offered permanent posi- 
tions with large Aircraft Manufac- 
turer near Buffalo, New York. 


Write, stating age, experience, fam- 
ily status, draft classification, salary 
expected, etc. Box 86, Instruments 
Publishing Co., 1117 Wolfendale 
St., Pittsburgh, Pa. 








Engineer valve designer old 
established manufacturers of 
valves air operated diaphragm 
pressure reducing balanced reg- 
ulating and liquid level control- 
lers require competent experi- 
ence engineer capable designing 
and development permanent 
post war connection location 
Philadelphia; give full details 
and salary expected. Box 85, 
Instruments Publishing Co. 
1117 Wolfendale Street 
Pittsburgh, Pa. 
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easily be made. Instrument is said to he 
especially useful for balanced relays where 
current through each coil must be identical, 
It is possible by means of a balance con- 
trol to upset or create a balanced conditi 

Instrument comes complete and ready to 
operate mounted on standard relay rack 


. panels; a spare panel at top of cabinet for 
additional switching or indicating acces- 
sories user may find convenient. External] 


power supplies are used. Instrument is 20” 


} wide, 15” high, 14” deep, weighs 16 lbs. 
Standard Type 301 Weston instruments are 
* used Televiso Products, Inc., 6533 No, 


Olmsted Ave., Chicago, Ill. 


f 
= / i 





Tee Arnold Engineering Company produces . ng: . 

mm ia 5 * pres Circular Slide-wire Rheostat 
all ALNICO types including ALNICO V. All New circular slide-wire rheostat is de- | 
signed especially for low-resistance low- 
4 ; wattage applications in the instrument field. 
our own plant under close metallurgical, mechanical \ length of resistance wire is stretched 


magnets are completely manufactured in 


and magnetic control. 
Engineering assistance by consultation or 
correspondence is freely offered in solution of your 


magnetic design problems. All inquiries will receive 


prompt attention. 





RNOLD [NGINEERING COMPANY [i |i 


a ceramic base. Wire is firmly anchored to 
147 EAST ONTARIO ST. s CHICAGO. ILLINOIS two terminals; contact to wire is made by 
a phosphor-bronze spring arm connected to sul 
a third terminal. Provision of three ter- 
minals allows unit to be used as a voltags 
divider. Maximum resistance which can be 
RAWSON supplied on this unit is approx. 1 ohm; min- Pe 

NAMEPLATES, DIALS imum total resistance can be made approx 
0.1 ohm, Since contact arm travels along thi 


6 ES, MARKINGS ~ 
vesting Thermocouples In Vacuo the wire from end to end, resistance varia- 


LETTERING, TRADE tion is stepless. Shafts for knob control or 











MARKS, ETC ON A for screw driver control can be supplied are 
AWY SURFACE : These units are made to order to suit the 
sd particular application.—Ohmite Mfg. Co. pet 
4835 West Flournoy St., Chicago 44, IIil 
net 
Propeller Governor Test Stand sig 
* New propeller governor test stand is fo! 
~ ° * 
a checking Hamilton Standard double-acting vou 
= accumulator, hydromatic and _ constant- 
—~m ’ speed and Curtiss Proportional and _ lubri- NI 
> cated pad type governors. Measuring 60” oe 
36” * 36”, it has a welded steel framework 


covered by a detachable metal jacket fo 
ease in servicing the bench itself. Minor 





Facilities for complete pro- 





duction—any quantity, 1 to For measurement of currents inde- 
1,000,000. pendent of frequency 1.5 to 300 
milliamperes. 

MULTI-MaRK Screens made up 10 milliampere junctions usually 
for any design; reproductions in stock. 

may be made directly on arti- Higher current ranges in air. 
cle without machines; com- Also ultrasensitive meters both 
plete directions furnished. for A.C. & D.C., fluxmeters, elec- 


trostatic voltmeters from full scale 


We're helping companies engaged in 
. 120 volts to over 20,000 volts, 


all types of war production... if you 


bave a marking problem of any nature, chronoscopes, earth current meters, 
ask us for information . «+ We've bad cable testers, etc. 

experience with all surfaces, all fin- 

ishes, all government requirements. Special Apparatus Built to Order 


Multi-Mark Division RAWSON ELECTRICAL 
COLONIAL PROCESS SUPPLY CO. INSTRUMENT COMPANY 


136 West 23rd St.. NEW YORK 110 Potter St. Cambridge, Mass. 




















Page 518——-IJnstruments—Vol. 16 






















PERMANENT 
MAGNETS 


LITTLE Changes 
Can Make A 
BIG Difference 





But the important thing is—where 
and how changes in the design of 
permanent magnets should be 
made. That takes knowledge of the 


subject of magnetism. 


Perhaps our long experience in 
this field would be helpful, if you 
are not entirely satisfied with the 
performance of your present mag- 
nets. And once the improved de- 
sign is worked out, we can supply 
your requirements in ALNICO or 


NIPERMAG. 





8-CC-3 





CINAUDAGRAPH 


CORPORATION 


STAMFORD, CONNECTICUT 








minimum of — 120° F. 








Flight-similitude Cold Testing 


Only Mobile units offer program controlled or man- 
ually set flight-similitude conditions. These units provide 
completely coordinated altitude-temperature curves to 
a maximum of 80,000 feet altitude at a temperature 


Reheat and humidity testing is standard also in these 
Mobile units, up to +185° F with fully controlled 
humidity conditions according to your requirements. 
Our production time has recently been cut by almost 
40°. We invite your inquiry. 

























ee a a a ee | 
on 


May we work with you? 


MOBILE REFRIGERATION 


38-32 54th Street 


Woodside, L. I., New York 





pairs may be made by removing front and 
rear panels. Storage drawer in front of 
bench is used for adapters, hoses and con- 
nectors. Governor to be tested is mounted 
vertically by means of quick-adjusting 
clamps and its proper alignment is assured 
through two steel dowels that hold it in 
place. Circular mounting pad is surrounded 
by a sump which drains all leakage back 
through a filter to the oil reservoir. Bench 
incorporates complete hydraulic system for 
testing Hamilton Governors. Main oil reser- 
voir holds 14 gals. of oil—more than twice 
the per-minute pumping of any governor, To 
duplicate temperature of oil which governo1 
would receive from a plane motor, a heating 
unit is installed in tank where SAE No. 50 
oil is thermostatically held at 160°F. Two 
lamps on instrument panel indicate proper 
temperature for testing. Viscosity should be 
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200-300 Saybolt Universal seconds. A 


gage warns bench operator if oil 


clogs. Test stand has control switches 
bottom of instrument panel within easy 


operator for testing electrical de- 


Operator tests for minimum and 


maximum r.p.m., for capacity, recovery, 
, external and internal leakage and 
feathering. Jirplane Mfg. & Supply Corp., 


Lankershim Blvd., North Hollywood, 


Locking Ring 


locking ring is for locking sockets 
components to chassis and bases. It 
is claimed that with it, “millions of labor 
hours can be saved, a positive lock assured 
unlocking doesn’t damage either the 









































depends on the accuracy and relia- 
bility of electrical indicating instru- 
ments. 





Making them for combat aircraft is 
a responsibility to which the Boes 
organization is bringing its closest 
attention and best skills. 


She UU, 


Manufacturers of Electrical and Navig2- 
tional Instruments for Aircraft. 


f 7 of 


Money makes the war go! 
BUY BONDS TO HASTEN VICTORY 
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omponent or the chassis.’ Its operation is 
simple and uninvolved: it fits between 
chassis and the component to be locked 
a simple tool is placed over component and 
1 %& turn to the 
ponent 


locks com- 
turn does 


right securely 


to chassis; a further '% 


LOCKING RING IN 
UNLOCKED POSITION 








While this locking ring was 
developed for the electronic and radio in- 
flustries it can be applied wherever parts 
are locked to parent bodies.—A. W. Frank- 
lin Mfg. Co., 175 Varick St., New York, 
a 


the unlocking. 


Adjustable Automatic Pipette 


New “Twin Adjustomat” adjustable auto- 
matic pipette is said to be a precision in- 
strument equally adaptable to analytical 
procedures and to operations requiring ac- 








urate measurement of liquids, as in filling 

ampoules, vials, bottles, etc., and in tubing 
media for microbiological assay of vita- 
mins, in running phenol coefficients, in wa- 
ter analysis, etc. A rapid simple adjust- 
ment enables it to deliver any desired vol- 
ume of liquid with an accuracy of 0.1 ml. 
Not being limited to the delivery of a sin- 
gle fixed volume, it speeds up filling am- 
poules, vials and bottles to as many as 
1,500 units per hour. Man-hours may be 
saved by its use also in laboratories. It 
may be sterilized for procedures requiring 
aseptic technique. Standard instrument has 
a reservoir capacity of 2,000 ml, Delivered 
volume adjustable from 1 to 50 cc. Special 
sizes available on request.—Horton € Con- 
verse, 621 West Pico Blvd., Los Angeles, 
Calif. 


WORK, FIGHT, GIVE— 
MAKE DEMOCRACY LIVE 












Philadelphia 
Merc-to- Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 
Contacts : Increased 
Contact Capacity : 
Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
duced : Temperature 
Ranges adjustable to 
700° F. 

s 
Philadelphia Merc-to-Mere 
Temperature Controls and 
Mercury Plunger Relays 


The Philadelphia Thermometer Co. 
Sixth & Cayuga Sts. “is Philadelphia 
WRITE FOR CATALOGUE 
No. 104. 


Oldest Thermometer Manufacturer 
in Philadel phia 

















HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compare- 
tively inexpensive. 


Illustrated 
bulletins 
free. 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 
ian 
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~ Be ad Re 
a ) 
SPLIT] CYCLE 


{ tH ACY 


IN EVERY UNIT 





When you design or 
build crystal-controlled 
equipment, you stake your 
reputation on the mounted 


z -crystal, made by someone 


else. 


| When you spetity a 

CRL unit, made by a 

well-equipped organiza- 

tion which gives prece- 
____dence to long life and ac- _ 

curacy in your equipment, 

you can stake your repu- 

tation on the results. Speed 

is a plus, precision the 


must at at CRL. 


___ Write for illustrated _ 
Tiderature which shows why 
CRL can meet your de- ‘od 
mands and which contains 
a chart of crystal applica- 
tign data. | | 























A 









Ato mpyaceney 














the GAERTNER 
TOOLMAKER MICROSCOPE 


Foremost among our precision optical measuring instruments, the 
‘T'oolmaker Microscope is used in constantly increasing numbers in our 
nation’s war industries for applications requiring length, coordinate, 


and angle measurements of high accuracy. 
Send for Bulletin 


147-14 


THE 
GAERTNER SCIENTIFIC CORP. 


1211 Wricutrwoop 








AvE., Cuicaco, U.S.A. 





test and 
necessity 


production engineers faced with 
of using unskilled labor for fac- 
tory circuit checking. Instrument is said to 
make it possible to “attain Wheatstone 
bridge precision while testing circuits at 


High-speed Circuit Tester 
New “Rotobridge” is an automatic high- 
speed mass production tester of interest to 












the amazing rate of one circuit per second.” 
It requires only one set up; is used for 





CRYSTA 





testing all types of communication, elec- 











tronic and electrical equipment for errors 








in resistance, reactance, and in circuit wir- 








RESEARCH 





ing. Since human element is almost com- 









pletely eliminated, specified tolerances are 
absolutely maintained, it is said. Makers 








announce also another model for compa- 








LABORATORIES 






nies producing aircraft, tanks, switchboards, 
ete.: its use enables rapid testing of multi- 








EN COR PGR ATS 




















wire cable harnesses: up to 120 circuits 
(including several hundred wires) may be 
tested at once, in 4-minutes operating 








time.—Communication Measurements Lab- 








oratory, 116 Greenwich St., New York City. 
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DIAL INDICATORS 


For greater range when 
testing long tapers and in 
extensometer work, Ames 
Indicators having spindle 
travels up to one inch are 
commonly used. 


The Plastic Bezel elimi- 
nates shadows and relieves 
eye strain. A new feature 
exclusive with AMES. 

Send for catalog. 


arias > 


B. C. AMES CO. 


WALTHAM, MASS., U. S. A. 





Page 522—I nstruments—Vol. 16 


. 
Instrument Society News 
ATLANTA 
Although, in accordance with the by-laws, the Georgia Societ 
for Measurement and Control holds no regular meetings in Jy} 


and August, luncheon meetings are 
was held July 26 at the Imperial 


held in these months. The fir 
Hotel Coffee Shop. There wa 


nothing formal just a get-together and impromptu techni 


discussions. 


NEWARK 


ANNOUNCEMENT OF 
The October meeting of the Ne 


OCTOBER MEETING 
w Jersey Society for Measu 


ment and Control will be held at the Public Service Termir 


Restaurant on October 5. Dinner 
Moore, Pres., Moore Products C< 


“Applications of the Null Principle. 


at 7, meeting at 8. Mr. C 


»., Philadelphia, will speak on 


PHILADELPHIA 


ANNOUNCEMENT OF THE 


SEPTEMBER MEETING 


The September meeting of the Philadelphia Society for Instruy 


mentation will be held at the Engi 
September 6. Dinner at 6:30, me 
Brown Instrument Co,, will spea 
Measurement with Electronic Pote 


SAINT I 


Instruments has received a bel 


neers’ Club, 1317 Spruce St., on 
eting at 8. Mr. Walter Wills. 
k on “Continuous Temperature 
‘ntiometers.”’ 


OUIS 


ated notice of the organization 


of an instrument society in St. Louis last spring. Following is 


list of the Charter Members, wh 
Committee: Chairman, H. Bruce ¢ 
Ch., Phil Watson, Curtiss-Wright ; 


» constitute also the Executive 
rreaves, Monsanto Chem.; Vice 
Treas., John Posgay, Aluminum 


Ore Co.; Sec’y, Gus Holubeck, Union Electric; other Committee- 


men; Harold Brockmeier, Western 
Petroleum; John Huck, Jr., Grani 


Foxboro Co.; Harry Weeks, Weeks Engrg. Co. ; 


Owens-Illinois Glass Co. 


Cartridge Co.; Paul Hoyt, Shell 
te City Steel Co.; E. B. Miller, 
Stanley Wright 


DIRECTORY 


City, Society and Secretary 


Atlanta Georgia Society for 
Measurement & Control 


Baltimore Baltimore Industrial In- 
strumentation Society 
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to this unit, are illustrated; and, tabular 
; data are given on dimensions and oper- 
F b ating force, Electrical data and force- 
‘ torque information are shown in easily 
read tables to assist in the speedy selec- 
a Soclat tion of the proper control mechanism 
sin Jul Automatic Temperature Control Co,, Ine., 
ra ous 34 East Logan St., Philadelphia, Pa 
The fir 
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‘here was 


iNew Literature — 


9” x 12”, 4 pages, illustrates the first 
U. S.-made “Megger” housed in a molded 
case of high impact-strength plastic ma- 
terial. James G. Biddle Co., 1211 Arch St., 
Philadelphia, Pa. 
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STypRlevanl 


Accurale 
WRENCH 


War Plane Specifica- 
tions Require Torquing 


Modern manufacturing methods call for con- 
trolled ‘settings’ of vital nuts, screws, bolts, 
hydraulic fittings—of almost all threaded 
parts. Leading American aircraft and engine 
builders almost universally use the perma- 
nently accurate STURTEVANT TORQUE 
WRENCHES for innumerable applications 
ranging from build- 
ing precision instru- 
ments to testing 
frictional drag in 
controls and mo- 
tors. 50 models, ca- 
pacities ranging 
from 0 to 5 inch 
pounds on up to 
7200 inch pounds. 


W rite for 
catalog sheets 















Model F-100-i 
(Capacity 0-100 in. Ibs.) 
lustrated : 





The SpeedWay organization is tuned to war 
— is tooled to war quantities and ready 


“deliver the goods’’ where war demands 


eat extra performance. 


Among SpeedWay products are — 
motors (from 1/300 to 1/3 h.p., A.C., D.C. 

Universal, Direct-drive or Back Geared). 
With over 30 years of specialization in. de- 
sign and manufacture of electric motors and 
motor driven devices SpeedWay can provide 
standard or special motors to meet your re- 
quirements and Army or Navy specifications. 


Submit your problems for SpeedW ay 
recommendations and quotations. 


SPEEDWAY MANUFACTURING CO. 


1839 S. 52nd Avenue 
* * * * * * 


* 





Cicero, Hlinois 
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| PHOTOVOLT 
ELECTRONIC TIMER 


An adjustable timing relay operating 
without clockwork or motor. 


@ High speed timing, from 140 sec. up. 
®@ Immediate automatic resetting 
® Push button and remote control 








Any number of standard units can be 
combined for 


Sequence Timing and Recycling 


in continuous operation. 


For 
Production and Process Control 
Welding, Printing, Signaling 
Laboratory Use and Life Tests 


Write for literature 


PHOTOVOLT CORP. 


95 Madison Ave. New York City 
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MANUFACTURING 
RIGHTS WANTED 


* 


Independent manufacturer 
with complete engineering 
and research staff, produc- 
tion facilities, and interna- 
tional industrial sales organ- 
ization wishes to develop new 
markets and products, pat- 
ticularly steam plant or allied 
process apparatus and in in- 
strument and control fields. 
Write brief letter. Address 
Box 78, c/o Instruments Pub- 
lishing Co., 1117 Wolfendale 
Street, Pittsburgh, Penna. 
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Mont Let That Dhadow jourh t) 


You’ve been sleeping a long time, Rip— 


Today's dizzy pace must seem frightfully strange to you. Don’t feel too 
badly about it though, because a lot of us are looking at it with similarly 
unbelieving eyes. 

We were awakened from our peaceful sleep by some big-time heels who 
decided they were a master race, destined to lord it over an enslaved world. 
We were to be the slaves. 

Now look at this factory. It’s one of the many thousands in this country 
alone, that are designing and building tools required to win the most 
shameful and bloodiest of all wars. 

Come on, Rip, snap out of it. We’re all needed. Our specific job is to con- 
tinue producing the most complete line of precision attenuators in the 
world. There’s a war job for you, too. 





Ordering standard components and equipment may facilitate deliveries 


THE DAVEN COMPANY 


191 CENTRAL AVENUE NEWARK 4, NEW JERSEY 




















Ba iommacits . 


THE TRADE MARK OF ACCURACY 


Instruments bearing this Trade 
Mark are backed by years of 
experienced engineering. 


MEASUREMENTS CORPORATION 


BOONTON, NEW JERSEY 








